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Corrosion 


ID you ever think what a great 
LD thing it would be for engineering 

and for the world if somebody 
could put a stop to corrosion > 


The engineer will plan a device or a 
plant that seems the pink of perfection. 
It is built and run and satisfies everybody’s 
expectations. Ina few years it, or impor- 
tant parts of it, have to be built all over 
again because of corrosion. 


A large electric station has renewed 
annually as many as 9,000 condenser 
tubes. This represents not only something 
like 35 tons of fabricated metal, the 
work of removing the old and setting the 
new tubes, the loss of the use of the con- 
denser in the meantime, but continuous 
operating difficulties from the time the 
corrosion first manifests itself. 


Corrosion in the form of pitting and 
grooving has been responsible for the loss 
of many lives and the destruction of thous- 
ands of dollars worth of property through 
boiler explosions; more before inspeccion 
became general and the indiscriminate use 
of old and second-hand boilers controlled 
to a degree. Miles of feed and other hot- 
water piping in steam plants and heating 
systems have to be torn out and renewed 
annually on account of deterioration from 
corrosion. 


In other fields the loss from this source 
is still more serious than in power-plant 
engineering. 


How much the work of the world could 
be lightened, how much security of man 
could be increased and the cost of the 


maintenance of the race be lessened if a 
tool, machine or construction once per- 
fected would stay put, and be subject to 
deterioration through only the ordinary 
wear consequent upon its use. 


Can you form any conception of the 
amount of man-power that is required in 
the mining, fabricating, transportation, 
distribution and replacement of the mate- 
rial which is eaten up by this enemy of 
stability > 


What other subject of research offers 
greater possibilities of saving ? 


Notwithstanding all the investigation 
that has been expended upon corrosion our 
ideas of its cause and processes are still 
indeterminate. In some cases it appears 
to be due to electrolysis, but this has not 
been determined with sufficient positive- 
ness as a general cause to make it apparent 
that the best method of attack of the prob- 
lem lies along these lines. Oxygen appears 
to be an active if not an essential element 
in the process and the deaeration of the 
contents of boilers, heaters, condensers 
and piping systems has resulted in the 
amelioration of aggravated cases. But we 
are still groping, and there is still a chance 
for some genius to render one of the 
greatest services possible to the race by 
demonstrating the physical, chemical and 
electrical processes 


by which corrosion eo y 
proceeds and show- 
ing how it can be ‘ ° ows) 


controlled and 
prevented. 
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Developments in High-Speed Runners 
for Hydraulic Turbines 


Limitations of Francis Type Runners—Comparison of Different Types of High-Speed 
Propeller Runners—Location of Turbine with Respect to Tailwater—Use 


By FRANK H. ROGERS 


of Inverted-Type and Ejector-Type Turbines in Low-Head Plants 


Hydraulic Engineer, William Cramp & Sons Ship and Engine Building Company 


VER since the devel- 
5 opment of the com- 

bined hydro-electric 
machine has made _ pos- 
sible the utilization of 
large-capacity units, 
there has been a demand 
for waterwheels operating 
at higher speeds than are 
possible with the types in 
wide use today. In re- 


Thus, the Kaplan runner, 
from Victor Kaplan, of 
Austria; the Dubs, from 
Robert Dubs, of Switzer- 
land; the Nagler, from 
Forest Nagler, of Milwau- 
kee, and the Moody, from 
Lewis F. Moody, of Phila- 
delphia. In differentiat- 
ing in a general way the 


cent years this demand FIG. 2. MOODY DIAGONAL-TYPE TEST RUNNERS 


has become more and more 

insistent owing to the trend for large-sized units to 
operate under medium and low heads. This demand is 
based on sound economical reasons as will be discussed 
more fully in subsequent paragraphs. 

The Francis-type runner, which has for many years 
been universally used both in Europe and in this coun- 
try, has been highly developed and perfected, so that 
specific speeds in the neighborhood of 80 (foot-pound 
units) have been attained with high efficiencies. It 
was found, however, that for this type of runner the 
limit in specific speed was being rapidly approached, 


FRANCIS KAPLAN DUBS 


NAGLER MOODY 


FIG. 1. COMPARISON OF FLOW THROUGH 
HIGH-SPEED RUNNERS 


and therefore it was a natural step in the development 
to change over to a new high-speed type. 

In this new type of runner the vanes are attached 
to a central hub and are usually unshrouded, so that 
in general appearance these runners resemble ship- 
propellers and therefore as a general class are known 
as the propeller type. As in the case of the Francis 
runner the propeller-type runners are usually designated 
by the names of the engineers who have developed them: 


Francis from the propel- 
ler-type runners, it will 
simplify the comparison 
if the whirl components of flow are neglected and 
only the direction of flow is considered in a plane con- 


taining the axis of the turbine shaft. On this basis - 


the direction of flow in a Francis type is radial at the 
intake to the runner and axial at the discharge. In 
the propeller type the direction of flow is the same at 
the intake and the outlet of the runner. Hence in the 
Francis type the direction of flow through the runner 
is turned through an angle of about 90 deg., while in 
the propeller type the flow is in the same direction. 

In comparing the different types of high-speed 


21.3 


Ns =[53 


FIG. 3. COMPARATIVE DIMENSIONS OF FRANCIS 
AND DIAGONAL RUNNERS 


propeller runners, the direction of flow, in a plane con- 
taining the axis of the shaft, through the runners is 
shown in Fig. 1. It will be noted that in the Kaplan 
and Nagler types this flow is in an axial direction. In 
the Dubs type the flow through the outer portion 
is axial, whereas the flow through the central portion 
near the hub is more nearly radial at entrance to the 
runner and axial at exit. In the Moody the flow is 
in a diagonal direction as compared to the axis of the 
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shaft, and hence these runners are usually designated 
as Moody diagonal runners. In this discussion the Moody 
type alone will be considered. ‘ 

Fig. 2 shows a view of two of these runners of the 
size used for testing purposes. Fig. 3 gives a com- 
parison between two Francis runners and a diagonal 
runner. Runner A has a specific speed of 21.3 and is 
suitable for high heads in the neighborhood of 600 ft., 
whereas B has a specific speed of 80 and is suitable 
for low and medium heads up to 60 or 70 ft. Runner C 
is of the diagonal type, having a specific speed of 153, 
and is also suitable for low and medium heads up to 
70 ft. or higher, the limit of head being dependent on 
the turbine setting and draft head in a given installa- 
tion. All three are drawn to the same scale and, if 
operated under the same head, would develop the same 
power, but at speeds of revolution corresponding to 
their specific speeds. This comparison shows the great 
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3. Diagonal runners usually have from three to eight 
vanes per runner, whereas Francis runners have from 
fourteen to sixteen. For this reason the clear openings 
through the vanes of the diagonal type are considerably 
greater, and as a general rule it may be stated that 
these openings are about twice as great as in the case 
of the Francis type. This results in less danger of 
clogging with foreign material and also permits of 
larger spacing of the intake racks. 

4. Because of its smaller size, it is usually found that 
the weight of the diagonal runner is about one-half 
that of the Francis type to develop the same power. 
On account of the higher speed the turbine shaft can 
usually be made smaller in diameter, and consequently 
lighter. It is thus seen that there is a considerable 
saving in the weight of the revolving parts. 

5. As already stated, the diagonal runner is of the 
unshrouded type; that is, no band is used around the 


ae - c= Velocity at throat of runner in feet per second el 
SE SO h= Total head on plant — 
ce . 
3. 
& 330 7 n-speed 
3 Hig’ = 
5 20 
10 
85 Francis 
oa 
0 | 
ve & 
£ 10 ag head. 
Egy 
28 10 
NOTE:- Elevation of runner above failwater 
oF § 20 calculated on basis of draft-tube efficiency 
of 80 per cent. — 
| | 
40°20 40 60 80 100 20 140 160 80 200 220 240 260 280 
Specific Speed ; 


FIG. 4. ENERGY AT RUNNER DISCHARGE AND LOCATION OF RUNNER WITH RESPECT TO TAILWATER 


The curves in the upper half of the figure show the total amount of energy discharged by the runner, while those on the lower half 
show the possible elevation of the runner with respect to tailwater for different heads and different specific speeds. 
Specific speed is the speed at which a turbine would run under a one-foot head if its diameter were 
such that it would develop one horsepower under that head. 


power developed by the diagonal runner compared with 
its dimensions. 

The advantages gained by the use of the diagonal 
runner are evident, but it might be of interest to briefly 
mention these: 

1. Owing to the much higher speed permissible, the 
first cost of the generator is considerably less, and 
because of the lighter weights of the revolving parts 
of the generator and turbine, smaller cranes can be used 
and the superstructure of the power house can be made 
considerably lighter. By the use of such runners, there- 
fore, the first cost of the development can be reduced. 

2. The mechanical strength of the diagonal runner 
is considerably greater than that of the Francis type, 
as the overhang of the vane from the crown of the 
runner is less, and the connection between runner hub 
and the vanes is considerably longer, resulting in 
*maller bending stresses in the vanes. 


outside of the vanes. For this reason, where desirable, 
separate vanes can be used, bolted to a central hub. 
Therefore, in case of accident resulting in the breakage 
of a vane, it is only necessary to replace the one that 
is damaged, whereas in the case of the Francis runner, 
where all of vanes are cast solid with the hub and band, 
damage to a single vane necessitates replacing of the 
entire runner. 

6. It will be noted from Fig. 3 that the discharge 
diameter D, of the propeller-type runner is about the 
same as that of the high-speed Francis runner to de- 
velop the same power. For this reason it is possible 
to keep the discharge velocity from the propeller type, 
and hence the average draft head within about the same 
limits as in the case of the Francis runner. The passage 
of the water through the diagonal runner is more direct 
than in the case of the Francis, and the design of the 
vanes in the former type is also much simpler. For 
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these reasons the danger of corrosion is less in the 
former than in the latter type. 

It is evident that in changing from the Francis to 
the diagonal type, a new field has been opened up and 
that the limit as to specific speed, which was being 
closely approached with the Francis design, has for 


Intake 
4 FIG. 5. VERTICAL SECTION THROUGH INVERTED TURBINE 
a the present been eliminated, and there is no reason why 


much higher specific speeds cannot be developed than 
have been attained up to the present time. This point 
will be more clearly understood by reference to Fig. 4, 
which shows in the upper part of the diagram, specific 
speed plotted against velocity head at the discharge or 
throat of the runner expressed as percentage of the total 
head on the plant. These curves show the total amount 
of energy discharged by the runner, and it will be noted 
in the case of the Francis type, that the curve is becom- 
ing steep after the specific speed exceeds 80. The sim- 
ilar curve for the diagonal-type runner shows that much 


Head. 


FIG. 6. POWER-HOUSE ARRANGEMENT OF 
INVERTED TURBINE 


higher specific speeds are possible at relatively low 
values of outflow from the runner. Up to the present 
time the propeller type has been developed to a specific 
speed of about 160 with about the same order of effi- 
ciencies as are obtainable at lower speed with Francis 
runners. Beyond this point further increases are 
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obtainable, but at a sacrifice in efficiency. On the 
curves, the values shown beyond a specific speed of 
160 are theoretical, but, it is believed, follow quite 
closely the .values that will actually be obtained. 


INVERTED-TYPE TURBINE 


Referring again to Fig. 4, it will be noted that on 
the lower half of the diagram are plotted a series of 
curves showing the possible elevation of the runner 
with respect to tailwater for different heads and for 
different specific speeds. The possible location of the 
runner with respect to tailwater is governed entirely 
by the total draft head on the unit. As this head 
depends on both the height of the runner above tail- 
water and the velocity head at the discharge of the 
runner, then as the specific speed increases for a given 
head, the runner must be lowered. For the same reason, 
as the head increases for a given specific speed, the 
elevation of the runner must be lowered. 

It will be noted that the curves for the Francis type 
runner approach the elevation of tailwater rapidly as 
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FIG. 7 VERTICAL SECTION THROUGH EJECTOR TURBINE 


the specific speed increases above 80, but in the case 
of the diagonal runners, more margin is permitted. 
(More recent investigations of the diagonal-type run- 
ners show that it is advisable to lower the runners a 
greater amount than shown by these curves in order to 
take care of the local reductions in pressure which occur 
on the back of the vanes.) 

It is evident from the curves that even with the 
diagonal-type runner for operation under the higher 
heads, or if developed to higher specific speeds, the 
time will shortly come when the “unner raust be located 
close to tailwater, or under certain conditions below 
tailwater. Such a location for the runner would re- 
quire excessive excavation below tailwater for the 
draft tube, and in addition to this disadvantage it would 
be practically impossible to get at the runner for in- 
spection or repairs without providing somes means for 
unwatering the draft tube. 

It has been suggested by H. B. Taylor, of the Wm. 
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Cramp & Sons Ship and Engine Building Co., that this 
restriction be removed by turning the turbine upside 
down, placing the casing and runner at the bottom of 
the substructure and having the draft tube discharge 
vertically above the runner. Such a setting has been 
termed the inverted turbine, and a sectional view of 
such a unit is shown in Fig. 5. The power-house 
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FIG. 8|§ PERFORMANCE CURVES OF EJECTOR TURBINE 


arrangement of an inverted turbine is shown in Fig. 6. 
With the inverted arrangement the runner can be 
readily set at any desired location below the tailwater 
without the necessity of additional excavation below 
the runner. The draft tube can discharge over a cir- 
cular crest located above the elevation of high tailwater 
and thence discharge by siphonic action into the tailrace. 
By such an arrangement it is always possible to shut 
the headgates, pump out the water in the draft tube 
and thus make the runner accessible for inspection or 
repairs without the necessity of providing large stop 
logs or gates in the tailrace chamber. It is therefore 
evident that by the use of the inverted scheme the 
diagonal-type runners can be applied to much higher 
heads, and no arbitrary limit has been imposed on the 
designers, from draft-tube consideration, to prevent the 
utilization of much higher specific speeds than are now 
in general use. 


EJECTOR-TYPE TURBINE FAVORABLE FOR USE 
IN LOW-HEAD PLANTS 


The diagonal runner will develop considerably more 
power than the Francis runner at overspeed conditions, 
and this characteristic is of great value in the case 
of plants operating under heads below normal. One 
of the greatest obstacles to the economic development 
of low-head water powers has been the great variation 
of flow characteristic of most of the rivers of this 
country. In many cases it is found that during the 
flood or high-water period, there is a reduction in head 
on the turbines and consequently at such times when a 
great excess of power is available, the ordinary plant 
is not only unable to utilize any of this excess, but 
suffers a material reduction in power below its normal 
output. 

A method to overcome this difficulty is provided by 
the Moody ejector turbine. This turbine, as illustrated 
in Fig. 7, contains openings from the turbine casing 
into the draft tube just below the runner, such open- 
ings being controlled by a suitable gate. Under normal 
conditions of operation this gate is closed, and the 
draft-tube contour remains unimpaired, so that the 
‘urbine is capable of developing its full efficiency dur- 
ing the period when there is no surplus water. During 
flood conditions this gate is opened, allowing a consider- 
able quantity of water to be bypassed around the run- 
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ner into the draft tube. This water, entering the tube 
at high velocity, increases the draft head and tends to 
maintain the power on the turbine. The curves in 
Fig. 8 were plotted from tests made in the I. P. Morris 
Hydraulic Laboratory on an ejector turbine. The solid- 
line curves show the performance under various heads 
with the ejector gate closed, and the broken-line curves 
show the gain in power obtainable under various heads 
with the ejector in operation. 


La Budde Flue Blower for H. R. T. Boilers 


Convenience to the operator is one of the chief ob- 
jects of the La Budde flue blower. The mechanism is 
placed between the front tube sheet and the boiler front, 
and the only parts on the outside of the boiler front 
are the steam pipe, with its valve, and the operating 
shaft, with a squared end. The operator hitches an 
extension rod to this valve and slips a hand lever over 
the squared end of the shaft A, as shown at the right 
in the illustration. After opening the valve, he rocks 
the lever back and forth, thus turning the shaft A and 
raising and lowering the blower pipe B through the 
levers C. 

In the blower pipe, opposite each tube, there is a small 
steam nozzle designed on the venturi principle to change 
pressure into velocity. The pipe is free to rise and 
fall, in spite of its connection with the steam pipe, be- 
cause of the joints DDD, which are standard pipe fit- 
tings of malleable steel, the threads being hand-fitted 
so that enough threads will be engaged. The blower 
pipe is guided straight up and down by the guides GG 
consisting of short pieces of 1-in. pipe spot-welded onto 
the larger one and sliding along the two vertical pipes 
FF. These vertical pipes are bent at the top and at- 
tached to the boiler front, and at the bottom they are 
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FRONT VIEW AND SIDE SECTION OF THE FLUE 
BLOWER INSTALLED 
The operator stands on the floor in front of the boiler and rocks 


the lever A back and forth, raising and lowering the blower 
pipe B. 


attached to the ends of the staybolts or otherwise 
fastened if there are no staybolts. They are located 
between rows of tubes, so as not to interfere with tube 
removal. 

It is expected that when the device is installed on 
several boilers the operator will carry the hand lever 
and the extension rod for the valve from boiler to boiler, 
and after cleaning out the tubes, will lay aside the rod 
and the lever where they will be out of the way. 

The device is made to order, according to the boiler 
on which it is to be installed, by the inventor, A. 
La Budde, 931 East Third St., Duluth, Minn. 
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Portable Kit Measures 
Corrosiveness of Water 


VW per alone will not cause corrosion. itt must 
contain dissolved oxy,'en. When the oxygen is 
gone, corrosion stops, even though the water 

contains other impurities. So the problem of preventing 

corrosion reduces to this: Remove the oxygen! There 

are a number of ways of accomplishing this, but a 

description of them will be reserved for another article. 
The purpose of the present article is to describe and 

explain the use of a simple, portable kit so designed 


that a man who knows no chemistry can make an accu- 


rate chemical determination of the amount of oxygen 
dissolved in any sample of water. By taking samples 
before and after treating water to remove oxygen, it is 
easy to see whether the desired effect is obtained. 

This kit, which was developed by the Elliott Company 
for use in connection with the operation of its deaérat- 
ing apparatus, is shown 
in the six illustrations. 


for a chemist to make up the solutions. Unless the 
operator is a chemist, he will probably find it best to 
obtain his solutions ready made in accordance with 
these instructions. 

We will assume that the operator, having had no 
chemical experience, has purchased his solutions and is 
ready to start testing a sample. The procedure is as 
follows: 

About 500 c.c. (one flaskful) of the water must be 
collected without undue exposure to the air. Of the 
two rubber tubes leading to the flask, one is connected 
to the supply of water to be tested, while a suction, if 
needed, is applied (with the mouth or an aspirator) to 
the other tube. In this way water flows into the flask, 
fills it and then runs out through the other tube. 
Enough water should be drawn through to clear out all 
the water that touched the 
air originally in the flask. 


The outfit, closed for 


transportation, is shown B hoes blame for corrosion has been definitely 

laid at the door of dissolved oxygen. The 
more oxygen dissolved in the water the worse is 
the corrosion; if all the oxygen is taken out, 
neaieny corrosion stops. The present article describes a 
simple but accurate method of measuring the 
amount of dissolved oxygen in any sample of 
water. Although the process is chemical, the ; . 
operator needs no chemical knowledge if he can solution, in the order 
follow a simple set of instructions. 
can be used not only to measure the corrosive- 
ness of untreated water, but also to make sure 
that the treatment adopted is effective. 


in Fig. 1. Figs. 2, 3, 4,5 
and 6 show the successive 
operations in making the 


Turning to Fig. 2 we 
see the kit open and ready 
for business. The flask 
(with rubber tubes con- 
nected) in the foreground 
is used for drawing the 
sample and holding it 
until the analysis reaches 


The sample is now ready 
to be tested. 

By means of the in- 
dividual pipettes, add 2 
c.c. each of the mangan- 
ous-chloride solution, the 
alkaline-iodide solution 
and the sulphuric - acid 


named. Care should be 
taken not to get the two 
latter solutions in the 
mouth. After adding each 
of these reagents, allow 


e method 


a stage where exposure to 
air wii! not pollute the 
sample. The tall glass tube, supported by a post and 
clamp, is called a “burette.” It is accurately gradu- 
ated and provided with a cock at the bottom so that any 
desired quantity of solution can be let out, drop by 
drop. 

The four large bottles at the back of the case contain 
the solutions (reagents) used in the test. Each bottle 
is provided with an individual “pipette” having a capac- 
ity of 2 e.c. (cubic centimeters). This is made in the 
form of a glass tube with a small bulb in the center and 
a short section of soft-rubber tubing at the top. To 
draw 2 c.c. of solution from any bottle, the liquid is 
sucked up to a scratch just above the bulb of the pipette. 
The rubber tube is then pinched, which permits the 
pipette containing its 2 c.c. of reagent to be lifted from 
the bottle and carried to the point where it is to be used. 

The small bottle on the left contains a starch solution. 
The remaining equipment consists of a thermometer, a 
glass “graduate” reading in cubic centimeters, several 
glass stirring rods and a porcelain “casserole.” The 
casserole, which may be seen in the right foreground of 
Fig. 4, is nothing but a white porcelain bowl with 
a handle. 

The accompanying table shows the solutions in the 
bottles and the chemical formulas marked on their 
labels. The third column gives sufficient instructions 


two minutes for it to dif- 

fuse before adding the 
next. Fig. 3 shows how the reagents are dropped 
into the flask through a short funnel tube set in the 
stopper. The alkaline-iodide solution forms a precipi- 
tate which is dissolved by the sulphuric acid. After 
this precipitate has disappeared, the sample may be 
exposed to the air without affecting the accuracy of the 
test. For this reason further operations can be carried 
on in the open casserole. 

Measure out (with the graduate) exactly 250 c.c. of 
the treated sample in the manner shown in Fig. 4, and 
pour it into the casserole. Add a few drops of starch 
solution, as shown in Fig. 5. If the sample contains 
an appreciable amount of oxygen. it will change to a 
deep-blue color. Then fill the burette with the standard 
sodium-thiosulphate solution and add it, drop by drop, 
to the sample in the casserole, while stirring constantly. 
This process, called “titration,” is shown in Fig. 6. 
The moment the blue color disappears, the titration is 
stopped. The difference between the burette readings 
at the start and end of the titration gives the number 
of cubic centimeters of standard solution used. This 
should be written down for use in the computation. 

On the standard-solution bottle is written an “oxygen 
factor,” the value of which will be somewhere in the 
neighborhood of 0.56. This means that each cubic cen- 
timeter of this solution used up in titrating is equiva- 
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KIT OPENED READY TO START WORK; SAMPLING 
FLASK IN THE FOREGROUND 


l FIG. 4. MEASURING OUT 250 c.c. OF THE SAMPLE 
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= FIG. 5. ADDING THE STARCH INDICATOR: SAMPLE FIG. 6. “TITRATING” THE SAMPLE WITH STANDARD 


TURNS BLUE IF OXYGEN IS PRESENT SOLUTION TO FIND THE AMOUNT OF OXYGEN 
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lent to 0.56 part of oxygen by volume in 1,000 parts of 
original sample. Suppose the exact value of this fac- 
tor is 0.555 and that the amount of standard solution 
used in the titration came to 4.20 c.c. Then the amount 
of oxygen would be 4.20 & 0.555 = 2.331 parts in one 
thousand (or 2.331 c.c. per liter, which is exactly the 


SOLUTIONS (REAGENTS) USED IN TEST 
(Used in order named) 


Name of Solution Chemical Instructions for Making up Solution 
and Symbol 
Kind of Bottle on Bottle 
Manganous chloride Mn Cle Dissolve 425.5 grams of crystalline (4H20) 
(large bottle) manganous chloride in distilled water, and 
dilute to 1,000 c.c. 
Alkaline iodide KOH-KI Dissolve 700 grams of potassium hydroxide 


(large bottle with 


and 150 grams of potassium iodide sepa- 
rubber stopper) 


rey in distilled water. Mix and dilute to 

Sulphuric acid HSO4 Mix equal volumes of concentrated sulphuric 
(large bottle) acid and water 

Starch solution 


etna’ Pour a paste containing 2 grams of wheat 
(small bottle) 


starch into 100 grams of boiling water and 
allow it to cool. 


Standard sodium NaSx3 Make up sodium thiosulphate to a solution 
thiosulphate approximately 0.025 normal. Chemist 
(large bottle) must standardize and mark oxygen factor 


on bottle.* 
*This solution should be prepared and standardized by a chemist or purchased 
already standardized. It deteriorates slightly and must be restandardized or 
replaced after two or three months. 


same thing). Where the standard solution is obtained 
from a chemist, he should be instructed to figure the 
oxygen factor on the basis that a 0.025 normal’ solution 
would give an oxygen factor of 0.558. The actual factor 
should be written on the bottle. 


SPECIAL INSTRUCTIONS 


If no blue color appears when the starch solution is 
added, the sample may be said to contain zero oxygen, 
because as little as twelve parts in 100,000,000 would 
show some color. With careful handling of the appa- 
ratus the only important source of error is found in 
improper methods of collecting the sample. Except in 
the case of natural water collected from open streams 
at approximately room temperature, great care should 
be taken to protect the sample from the air. 

Samples that are above the temperature of the atmos- 
phere, such as those taken from boiler drums or high- 
pressure evaporators, should be led through a copper 
tube, cooled with water, before being allowed to fall 
to atmospheric pressure. Otherwise some of the water 
will flash into steam with a resultant reduction in the 
amount of dissolved oxygen. It is well to use this 
cooling tube with all hot samples, even where they are 
not under pressure, because the starch indicator will 
not work properly at temperatures above 140 deg. F. 


The Old Boiler’s Soliloquy 


The Junk Yard man has given me a coat of shining 
hue of tarry stuff, that some poor boob might start my 
life anew. The Scientist may scratch his head and the 
humanitarian rage, the Engineer may calculate and 
marvel at my age; for hydrogen embrittlement and 
fatigue of metal nerve were common ailments at the 
plant where I began to serve. The brittle steel which 
forms my skin and the tubes which hold my head, had 
seen the fires of countless years and waters you would 
dread. The pitting and corrosion which infect my shell 
and tubes, and the broken brace and limestone scale 
were not in sight of Rubes. The overheating I received, 
when the water line was low, caused marcel waves from 
stem to stern and the thorough-rod’s upward bow. So 
when repairs were staring me square into the face, they 
pulled me from the boiler house unto the cinder place. 
But the Junk Yard man shrewdly said: “Heat improved 


1The chemist will understand the meaning of this term. 
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the steel, and a few pit marks and a scale or two should 
not spoil the deal.” For a man he knew had phoned of 
plans to build a factory, but the paint and glass would 
cost a lot and the power would have to be of the cheapest 
kind, so a chance he’d take with a boiler sold for junk. 
With lives at stake, he’d trust to luck and the Junk 
Man’s line of bunk. They measured me from head to 
head, but no one seemed to care to examine my interior 
to see if all were there. The price was right, “as cheap 
as dirt,” said the man who deals in junk, and none who 
knew was called upon to state that I was punk; so my 
rest was short on the cinder pile—I sold for “as good as 
new’’—and when, some day, I blow them up, they’ll say 
“What’s this you do?” J. P. M. 


From a bulletin of the Hartford Steam Boiler Inspec- 
tor and Insurance Co. 


Specifications for Lubricating Oils 
This specification covers the grades of petroleum oil 
used by the United States Government and its agencies 
for the lubrication of turbines, dynamos, high-speed 
engines and other classes of machinery where an oil 
better than Class A is required. The oil shall be satis- 
factory for use in circulating and forced-feed systems. 
Only refined petroleum oils without the admixture of 
fatty oils, resins, soaps, or other compounds not derived 
from crude petroleum will be considered. 
These oils shall be supplied in five grades, known as 
extra light, light, medium, heavy, and extra heavy. 
Flash and Fire Points.—The flash and fire points of 
the five grades shall not be lower than the following: 


Flash Point, Fire Point, 
Grade Deg. F. eg. F. 
315 5 
335 380 
345 390 
355 400 


Viscosity—The viscosity of the five grades at 100 
deg. F. shall be within the following limits: 


Seconds 


Color—The color of the extra-heavy grade shall not 
be darker than No. 6 National Petroleum Association 
standard or its equivalent. The color of the other grades 
shall not be darker than No. 5 National Petroleum As- 
sociation standard or its equivalent. 

Pour Test—The pour test shall not be above the fol- 
lowing temperatures: 


Deg. 


Acidity—Not more than 0.07 mg. of potassium hy- 
droxide shall be required to neutralize 1 gram of oil. 

Corrosion—A clean copper plate shall not be discol- 
ored. when submerged in the oil for 24 hours at room 
temperature. 

Emulsifying Properties—The oil shall separate’ in 
30 minutes from an emulsion with: (1) Distilled water ; 
(2) 1 per cent salt solution; (3) normal caustic-soda 
solution. 

The demulsibility shall not be less than 300. 

All tests shall be made according to the methods for 
testing lubricants adopted by the Committee on Stand- 
ardization of Petroleum Specifications. 


?This means that there shall be only a slight cuff between the 
water and the oil. 
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What To Know When Selecting 
Stoker Equipment 


By J. G. WORKER 


burn practically every coal with some degree of suc- 

cess, but that no stoker is a commercial success with 
every coal. It is necessary, therefore, to determine for 
a given coal, those stokers that will burn it successfully 
and exclude from consideration those not suited. 


E GENERAL, it may be said thet any stoker will 


HIGH-GRADE BITUMINOUS COALS 


The low-volatile, low-ash, high-carbon coals of Penn- 
sylvania, West Virginia and Virginia, form a well- 
defined class. They contain from 16 to 22 per cent 
volatile, 68 to 77 per cent fixed carbon, 3 to 10 per cent 
ash, 2 to 6 per cent moisture and from 14,200 to 15,000 
B.t.u. per lb., dry. The peculiarity of such coal is that 
when subjected to high temperature, it swells and tends 
to cake into a solid mass. For satisfactory combustion 
it is necessary that the fuel bed be uniform and porous 
enough to allow the air required for combustion to pass 
through, and it is therefore, necessary to agitate this 
coal, especially during the 


All stokers of the underfeed type are well adapted for 
burning Eastern coal. The tendency of the coal to swell, 
accentuates the action of the stoker to produce a fuel 
bed of unusual thickness (24 in. or greater) and the 
pushing action of the feeding mechanism keeps the fuel 
bed broken up and porous. The fuel bed is in the proper 
condition for the employment of high air pressure, and 
combustion rates of 60 lb. per sq.ft. of grate area can 
be maintained for long periods and about 80 lb. per 
sq.ft. for two- or three-hour peaks. The high fusing 
temperature of the ash and the low percentage of ash in 
the coal combine to make the cleaning periods infrequent 
and of short duration. High boiler ratings can be 
carried on account of the high combustion rates possible 
and the high heating value of the coal, and unusually 
good efficiency of combustion is secured on account of 
the adaptability of the coal to the fuel-bed conditions, 
secured with this type of stoker. 

It is also necessary to explain what will be understood 
hereafter by certain terms 


early stages of combus- 


tion, to secure the best 
results. Fortunately, the 
fusing temperature of the 
ash is high (2,500 deg. F. 
or higher) and the ash 
content low, so that the 
necessary agitation does 


burn these coals. 


HE author, who is Secretary of the Stoker 
Manufacturers’ Association, lists the com- 
bustion characteristics of the principal coals and 
tells what types of stokers are best suited to 


— that are commonly used 
in a rather indefinite man- 
ner. The amount of dust 
present in coal has a de- 
cided bearing on the re- 
sistance to the flow of air, 
and this is one of the prin- 


cipal reasons why the 


not cause clinker trouble. 

Side-feed and front-feed stokers provide a sufficient 
agitation to keep the fuel bed broken up in a uniform 
and porous condition, and they can burn this coal satis- 
factorily if the proper adjustments are maintained and 
the fire is not allowed to become too heavy. In the case 
of a heavy fuel bed the action of the grates is not suffi- 
cient to agitate the mass throughout its full depth, and 
the surface becomes caked to such an extent that the 
free passage of air is not possible. 

On account of the high percentage of fixed carbon 
this coal is slow-burning and the amount that can be 
burned with a given draft is less than in the case of 
other bituminous coals. Natural draft is usually em- 
ployed with this type of stoker, and with 0.50 in. draft 
over the fire, which is about as much as is usually avail- 
able, combustion rates of more than 35 lb. per sq.ft. of 
grate surface per hour cannot be secured without exces- 
sive loss of combustible to the ashpit. Forced draft can 
be applied, but a heavier fire is then required for best 
results, and if the thickness is greater than about 6 in., 
the grate motion is not sufficient to keep the surface of 
the fuel bed properly broken up. Sufficient grate sur- 
face should be installed to burn the maximum amount of 
of coal required at a rate not greater than 35 lb., and 
under these conditions satisfactory performances should 
be secured. There should be no serious clinker trouble, 
and on stokers equipped with continuous ash-removing 
mechanism the cleaning is automatic and continuous. 


*From a forthcoming book to be published by the McGraw-Hill 
Book Company. 


fuel-bed resistance in a 
particular case may differ largely from the average 
values usually given. A fuel containing 30 per cent of 
particles that will pass through a :-in. round hole, will 
offer about 50 per cent greater resistance to the flow of 
air than a fuel containing no particles that will pass 
through a one-eighth inch screen. This condition does 
not exist after the entire mass of fuel is in active com- 
bustion, but it does retard ignition and appreciably 
reduces the capacity that can be secured under a given 
set of conditions. 


ADDING MOISTURE TO REDUCE FUEL-BED RESISTANCE 


This excessive fuel-bed resistance can be largely over- 
come by adding sufficient surface moisture to ag- 
glomerate the dust. This water should not be added in 
the stoker hopper, but should be mixed with the coal 
before it is delivered to the coal bunkers. The water 
then has an opportunity to become evenly distributed 
through the entire mass and produce the desired result 
without an excessive amount of moisture. This caked 
mass will finally break through in spots, permitting a 
large flow of air and intense combustion. This produces 
an uneven fuel bed, resulting in inefficient operation 
due to excess air and the large amount of combustible 
discharged with the refuse. 

The fuel-bed conditions are ideal for banking and 
quickly bringing banked boilers into service at high 
ratings. A properly banked unit can be brought up to 


200 per cent rating in four or five minutes, thus pro- 
viding a degree of flexibility that is highly essential in 
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certain types of central stations. The fuel bed can be 
comparatively close to the boiler-heating surface without 
» producing smoke, and a large amount of heat is trans- 
na mitted from the fuel bed to the boiler by direct radia- 
tion, 
_ Traveling grates, unless provided with means for 
agitating the fuel during the early stages of combustion, 
will not give satisfactory results with Eastern coal. The 
fuel, being carried from the front to the rear of the 
Bg furnace without agitation, tends to form a solid mass of 
z coke which seriously interferes with the supply of air 
through the fuel bed. The air will finally break through 
in spots, and the fuel will burn intensely but unevenly 
at the rear of the furnace. The result is that large 
. amounts of unburned coke are discharged to the ashpit 
; and the grates are overheated in spots where the air 
does not break through. Agitating devices have been 
applied to the traveling grate, which break up the mass 
of coke and produce a fairly uniform and porous fuel 
bed, and satisfactory operation can be secured. 


HIGH-VOLATILE BITUMINOUS COAL 


&§ The high-volatile coals of western Pennsylvania, 
eastern Ohio, eastern Kentucky and parts of West Vir- 
ginia may be grouped under the heading of Pittsburgh 
coal. They contain from 30 to 38 per cent volatile, 50 
to 60 per cent fixed carbon, 5 to 12 per cent ash, 3 to 10 
per cent moisture and from 13,200 to 14,000 B.t.u. per 
Ilb., dry. All these coals possess caking qualities to a 
greater or less degree, but not to such an extent as the 
Eastern coals, although there is no clear line of division 
between them. 

Overfeed stokers burn this coal satisfactorily if pro- 
vided with proper draft and setting conditions. The 
caking tendencies are not sufficient to cause trouble if 
proper stoker adjustments are maintained and the draft 
is sufficient for the combustion rates desired. Fuel 
beds more than 6 in, thick have a tendency to cake and 
become irregular, resulting in increased ashpit loss and 
lowered efficiency. 

The large amounts of heavy hydrocarbons make this 
coal difficult to burn smokelessly, and overfeed stokers 
require furnace designs combining a considerable 
amount of brickwork and a long flame travel. The addi- 
tion of brickwork to a furnace, especially in the form of 
arches, increases the furnace temperature, and when 
this type of stoker is employed for burning Pittsburgh 
coal at high rates of combustion, clinker formations will 
become troublesome unless the arrangement of brick- 
work is carefully considered. 

Combustion rates of from 30 to 35 lb. per sq.ft. of 
grate surface per hour can be secured for considerable 
periods, and peak-load combustion rates of from 40 to 45 
lb. can be maintained for two or three hours with a fur- 
nace draft of from 5 to 6 inches. 


UNDERFEED TYPE FOR PITTSBURGH COAL 


The underfeed type has come into extensive use in all 
districts where Pittsburgh coal is burned. The feeding 
action of the stoker is sufficient to keep the fuel bed 
broken up and in a uniform condition for any thickness 
of fuel bed that may be carried on this type of stoker. 
The thick mass of burning fuel provides the necessary 
condition for the distillation and combustion of the 
hydrocarbons with the consequent elimination of smoke 
without the use of firebrick arches. While the percent- 
age of ash is higher than in Eastern coal, requiring 
more frequent dumping of refuse, this feature is satis- 
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factorily taken care of with the designs of underfeed 
stokers now used and is not considered objectionable in 
those plants using this type of stoker. 

On account of the high-volatile content the combustion 
is not so complete in the fuel bed itself as in the case of 
Eastern coal, and a large combustion space between the 
fuel bed and the boiler-heating surface must be provided 
varying in size according to the nature of the coal and 
the combustion rates that are desired. Combustion 
rates of from 40 to 50 Ib. per sq.ft. of grate surface per 
hour can be maintained for long periods, and from 70 
to 75 lb. per sq.ft. for a peak load of two or three hours. 


CHAIN-GRATE STOKERS SATISFACTORILY HANDLE Most 
PITTSBURGH COALS 


Chain-grate stokers handle most Pittsburgh coal satis- 
factorily in spite of its slight tendency to coke, although 
there are some coals in this district having strong 
caking tendencies, for which the chain grate is not suit- 
able. Heavy fuel beds have a tendency to produce 
uneven fires on account of the slight caking tendency, 
but if the fuel is fed not more than five or six inches in 
thickness, this tendency is not great, and uniform fires 
can be maintained over the entire grate surface. On 
account of the relatively high percentage of fixed carbon 
it is found desirable to make the stokers ten feet or 
more in length in order to burn out the carbon in the 
ash. 

In this connection it should be noted that for a given 
rate of combustion per unit area of grate surface, the 
length of time that any one particle of fuel is in the 
furnace is independent of the length of grate surface 
provided the same fuel-bed thickness is maintained. For 
instance, a stoker 15 ft. long, burning coal at a given 
rate per square foot, must travel 50 per cent faster than 
a stoker 10 ft. long burning coal at the same rate per 
unit area, and in both cases the length of time a particle 
of fuel is in the furnace will be exactly the same. For 
operating reasons, however, it is necessary that a grate 
speed considerably in excess of that actually required 
for the maximum combustion rate be provided to enable 
the operator to take care of a sudden demand when the 
fires may be thin or burned out at the rear. This maxi- 
mum speed required for emergency is practically the 
same for any length cf grate and it is apparent that the 
danger of discharging excessive amounts of combustible 
to the ashpit will be greater with a short stoker. 


FREE-BURNING COALS 


Michigan coal contains from 8 to 15 per cent moisture, 
30 to 35 per cent volatile, 45 to 50 per cent fixed carbon, 
10 to 18 per cent ash and from 12,000 to 12,500 B.t.u. 
per lb., dry. This coal is free burning, but has a con- 
siderable tendency to clinker. The amount available is 
relatively small, and it is used in only a few plants. 

Overfeed stokers are used successfully with this coal. 
The free-burning characteristic combined with the tend- 
ency to clinker requires that less agitation be given the 
fuel both for the reason that agitation is not required to 
keep the fuel bed porous and uniform and because too 
much agitation aggravates the tendency to clinker. 
With proper adjustment, however, stokers of this type 
do not get into clinker trouble, and on those stokers 
designed for continuous removal of ash this part of the 
mechanism will work satisfactorily. 

Underfeed stokers will burn this coal at combustion 
rates of about 40 Ib. per sq.ft. per hour for long periods 
and from 60 to 65 lb. per sq.ft. for two- or three-hour 
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periods. The heavy fuel bed provides the necessary con- 
ditions for the distillation and combustion of the hydro- 
carbons, and smokeless combustion is secured without 
the assistance of firebrick arches. The combustion rate 
is limited by the rate at which refuse can be disposed of, 
as this coal will give serious trouble with clinkers if com- 
bustion rates in excess of 60 lb. are maintained for long 
periods of time. 

Chain-grate stokers handle this coal at combustion 
rates of from 30 to 35 lb. per sq.ft. for long periods, and 
40 lb. or slightly more for two- or three-hour periods 
with a draft of from 0.5 to 0.6 in. in the furnace. The 
free-burning characteristics permit of the desired thick- 
ness of fuel bed without any tendency of the fuel to cake. 
Uniform fires result, and with proper provision at the 
rear of the furnace ash and clinker are disposed of with- 
out resorting to manual labor. 


OVERFEED STOKERS BEST FOR THE COALS OF 
ILLINOIS, INDIANA AND MISSOURI 


The coals found in Illinois, Indiana and Missouri vary 
widely in analyses, but have similar characteristics so 
far as their action in a furnace is concerned. They con- 
tain from 8 to 18 per cent moisture, 38 to 53 per cent 
fixed carbon, 28 to 36 per cent volatile, 8 to 20 per cent 
ash, and from 11,000 to 12,500 B.t.u., dry. 

In Indiana there are a few mines that produce coal 
having some caking properties which would not properly 
come under this heading. Although somewhat higher 
in ash and lower in heating value than Pittsburgh coal, 
their action in a furnace is much more like that of the 
average Pittsburgh coal than it is of the other coals of 
Indiana and Southern Illinois. 

On account of their free-burning nature they require 
no agitation to prevent caking and burn best on the over- 
feed type of stoker with just sufficient grate motion to 
cause a continuous feed. A greater agitation simply 
aggravates the tendency to clinker. The coals of this 
group containing less than 15 per cent ash are handled 
satisfactorily on the overfeed stoker and without serious 
clinker troubles at combustion rates up to 30 lb. per 
sq.ft. per hour for long periods and from 35 to 40 lb. for 
two- or three-hour periods. For this latter com- 
bustion rate a furnace draft of 0.45 to 0.5 in. is 
required. Combustion rates up to 45 Ib. can be main- 
tained for short periods, but at the expense of greatly 
increased ashpit loss, the production of objectionable 
smoke and a considerable amount of hand labor. Those 
coals having over 15 per cent ash can be burned at 
slightly lesser combustion rates on account of the ash 
accumulations. Those stokers designed to remove the 
ash continuously will do so up to 30 lb. combustion rate, 
but at maximum combustion rates hand cleaning must 
be resorted to at intervals. 


BURNING ILLINOIS COAL WITH UNDERFEED STOKERS 


The use of underfeed stokers in plants burning 
Illinois coal is of recent date, although a number of 
large plants have used this stoker with sufficient success 
to warrant installing additional equipment of the same 
kind. The nature of the fuel bed is such that prompt 
ignition and smokeless combustion are secured without 
the assistance of firebrick arches. Combustion rates of 
from 40 to 50 lb. per sq.ft. can be maintained for long 
periods and from 60 to 65 lb. per sq.ft. for two or three 
hours. At combustion rates up to 50 lb. per sq.ft. the 
removal of clinker is effected without trouble, but when 
combustion rates exceed 65 Ib. the ability to dispose of 
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the refuse becomes the limiting factor. The use of 
water-boxes along the clinker line to overcome this diffi- 
culty has proved satisfactory where combustion rates of 


over 50 lb. per sq.ft. are to be carried for long periods 
of time. 


Low-GRADE BITUMINOUS COALS 


The coals from Iowa, which are available for use in 
steam plants, are of much lower grade than would be 
apparent from the analyses usually given. The analyses 
are generally made on mine samples and will run lower 
in ash and higher in heating value than the fuels avail- 
able for steam purposes. This is true to only a small 
degree with the better grades of coal in the United 
States, but Iowa coal occurs in relatively thin veins and 
considerable amounts of dirt and rock find their way 
into the screenings, which are generally used in steam 
plants. It is not uncommon to find actual samples that 
run from 15 to 20 per cent moisture, from 25 to 30 per 
cent ash and not over 8,000 B.t.u. per lb. as fired, and 
this is about the grade of coal that should be considered 
in selecting stoker equipment, if coal is to be bought in 
the open market. 

Overfeed stokers handle this fuel, but at limited com- 
bustion rates, the coal being very hard to ignite and re- 
quiring long arches for maintaining the high tempera- 
tures at the point where the fuel enters the furnace, 
which are necessary for prompt ignition. The arch con- 
struction aggravates the tendency of this coal to clinker, 
and considerable trouble from this source develops at 
combustion rates of over 20 lb. per sq.ft. per hour. A 
draft of from 0.35 to 0.4 in. is required for combustion 
rates of from 20 to 25 lb. Combustion rates in excess 
of 25 lb. can be secured only at the expense of an exces- 


sive amount of hand labor and a large loss of fuel to the 
ashpit. 


SELF-CLEANING UNDERFEED STOKERS 


Underfeed stokers of the self-cleaning type have re- 
cently been applied in a number of plants burning Iowa 
coal. Ignition is maintained without the assistance of 
firebrick arches, and the nature of fuel bed is such that 
arch constructions are not necessary for smokeless com- 
bustion. 

Combustion rates of from 35 to 40 lb. per sq.ft. can 
be maintained for long periods, and about 50 to 55 lb. 
per sq.ft. can be burned for periods of two or three 
hours. The use of water-boxes or some other device for 
preventing the adhesion of clinker to the brickwork 
should be made if combustion ‘rates of over 50 lb. per 
sq.ft. are desired. 


CHAIN-GRATE STOKERS OF SPECIAL DESIGN USED 
WITH IOWA COAL 


Chain-grate stokers with arch construction of special 
design give good service on this grade of coal. Con- 
tinuous ignition and the combustion of the greater part 
of the fixed carbon can be maintained at combustion 
rates up to 30 lb. per sq.ft. with a draft of from 0.35 to 
0.4 in. in the furnace. Combustion rates in excess of 30 
Ib. should not be depended on for long periods of time 
because it is difficult to maintain ignition and to burn 
out the fixed carbon at higher rates. The arch con- 
struction necessary for continuous ignition has a tend- 
ency to produce clinker, but the action of the grate is 
such that this is continuously discharged to the ashpit 
and will not cause trouble in the furnace if the walls are 
kept clear of clinker and the fuel is not permitted to 


pile up at the bridge wall. The forced-blast traveling 
grate presents attractive possibilities of utilizing low- 
grade Iowa coals. 


HIGH-GRADE SOUTHERN COALS 


The coals from Kentucky, Tennessee and Alabama 
contain from 30 to 37 per cent volatile, 50 to 60 per cent 
carbon, 5 to 15 per cent ash, and from 13,000 to 13,500 
B.t.u. per lb., dry. These coals are high-grade and as a 
class are practically free-burning, although the coal 
from some localities in this district has a considerable 
tendency to cake. The high-volatile content requires 
that stokers be set with liberal combustion chambers for 
smokeless operation. 

Overfeed stokers, both of the front-feed and side-feed 
types, provide sufficient agitation to keep the fuel bed 
in a uniform and porous condition and handle all coals 
in this district satisfactorily. Combustion rates of from 
30 to 35 lb. can be maintained for long periods and for 
peak loads 40 Ib. may be burned for short intervals, 
with a draft of from 0.5 to 0.6 in. in the furnace. The 
low-ash coals of this district do not produce an ash layer 
of sufficient thickness to protect the grates, and unless 
the stokers are properly handled, considerable burning 
of the grate surface will result. In general, however, it 
may be said that an installation of overfeed stokers will 
be very satisfactory if surrounded with the proper con- 
ditions. 

Underfeed stokers are handling this coal successfully. 
Firebrick arches are not required, and the feeding action 
prevents caking of those coals that have a tendency to 
do so. Combustion rates of from 50 to 60 lb. per sq.ft. 
for long periods and from 70 to 75 lb. for peak loads can 
be maintained. 

Chain-grate stokers handle some coals from this dis- 
trict satisfactorily, but are not considered suitable for 
others. The absence of agitation allows the caking of 
those coals that have a tendency to do so with the result 
that fuel beds become irregular, allowing excess air to 
enter through the rear of the grate and the discharge of 
an undue amount of coke to the ashpit. In the Texas, 
Oklahoma and Arkansas districts there are three dis- 
tinct coals available. First, semi-anthracite containing 
from 10 to 16 per cent volatile, 1 to 2 per cent moisture, 
77 per cent fixed carbon and 8 to 18 per cent ash; 
second, bituminous coal having from 30 to 35 per cent 
volatile, 40 to 48 per cent fixed carbon and 10 to 20 per 
cent ash, although these coals actually delivered to the 
plant may contain as high as 30 per cent ash; third, 
lignite containing from 20 to 35 per cent moisture, 30 to 
40 per cent volatile, 30 to 35 per cent fixed carbon, and 
10 to 15 per cent ash. 


COLORADO LIGNITE 


The lignite coal found in this state is of greater im- 
portance commercially than any other lignite deposit in 
the United States. Being located in the vicinity of 
Denver, there is a market for large quantities for 
steam purposes. It is of much better quality than the 
Texas lignite and contains from 15 to 25 per cent mois- 
ture, 8 to 15 per cent ash, 30 to 35 per cent volatile and 
from 10,000 to 12,000 B.t.u., dry. 

Overfeed stokers ignite this coal satisfactorily when 
provided with suitable arch constructions, and give 
satisfactory results at combustion rates of from 20 to 25 
lb. per sq.ft. At higher combustion rates ignition 
becomes uncertain and clinker troubles are likely to 
develop. 
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Underfeed stokers ignite this coal continuously, and 
the heavy bed at the point of fuel introduction provides 
the necessary conditions for the complete driving off of 
the moisture before the fuel enters the active combus- 
tion zone. When thoroughly dried, this fuel can be burned 
rapidly, and while it has a tendency to clinker, the 
clinker formation is not sufficiently serious to prevent 
the satisfactory operation and cleaning of the furnace. 
Combustion rates of from 30 to 40 lb. per sq.ft. can be 
maintained for long periods and from 55 to 65 Ib. for 
short peaks. 

Chain-grate stokers are used successfully on the 
various grades of Colorado lignite, the only require- 
ment so far as the fuel is concerned being that it must 
not be too coarse. 

The high-volatile bituminous coals of Colorado, both 
caking and non-caking, burn satisfactorily on overfeed 
stokers. Combustion rates up to 30 lb. per sq.ft. can be 
maintained for long periods and from 35 to 40 th. for 
short intervals, with a draft in the furnace of from 0.5 
to 0.55 Ib. 

Underfeed stokers will burn all grades of Colorado 
bituminous fuels. Firebrick arches are not required to 
maintain ignition, but on account of the high-volatile 
content of many of these fuels a large combustion 
chamber is desirable for best results. 

The coal deposits of Washington and Oregon cover 
large areas and contain an immense amount of fairly 
high-grade fuel. In analysis and characteristics this 
coal is quite similar to Illinois fuels and can be burned 
with practically the same stoking equipment and with 
the same general results. 


DAKOTA LIGNITE COALS 


There are large ceposits of lignite in the Dakotas of 
commercial value, being of only slightly lower quality 
than those of Colorado. If the lignite is crushed to 
small size, it can be burned on chain-grate stokers 
having special arch constructions and the results give 
promise of commercial success. The most satisfactory 
results have been secured from underfeed stokers 
equipped with a short firebrick arch over the front of the 
furnace to increase the furnace temperatures at this 
point and increase the rate at which the fuel may be 
fired and completely ignited. Combustion rates of from 
30 to 40 Ib. per sq.ft. can be maintained continuously and 
from 55 to 60 Ib, for peak loads. 


The appearance of smoke in the exhaust gases is 
often due to too low a compression in the working cyl- 
inder, causing the temperature at the end of the com- 
pression to be too low for complete combustion of the 
fuel, and the heavier hydrocarbon is blown out of the 
engine without being consumed. This unburnt carbon 
often settles in the exhaust pipe, and then is blown out 
in the form of small chunks, which, to say the least, is 
of no special advantage. The exhaust of a Diesel engine 
in good working condition should be colorless or at the 
most, even with the use of heavy oil, should be only 
slightly hazy. 


The Annual Report of the Industrial Commission of 
Minnesota for 1921 reveals the fact that there were 
15,554 boilers inspected by state inspectors and 4,316 
by insurance inspectors, in that State during the year 
1921. In that time there was only one boiler explosion. 


Of licenses to operate power plants, there were granted 
16,762. 
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An Erector’s 
Experiences 


In Building 
Oil-Engine 
Foundations 


By L. H. MORRISON 


HE increasing number of oil engines being in- 
stalled in industrial plants indicates that engi- 


neers will more and more encounter erection work 
involving the building of engine foundations. While 
this work merely calls for the same degree of care and 
skill that is required in the erection of any machine, 
there are a few points which if observed will make the 
work fairly easy. 

The first step is the locating of the desired engine and 
driving pulley center lines in relation to the shaft and 
pulley to be driven. Each installation has an individual 
problem as to permissible belt centers. As a general 
rule an engine from 50 to 100 hp. should be set at least 


TYPICAL OIL-ENGINE FOUNDATION 


18 ft. from the driven shaft; on larger units 25 ft. 
shouid be the minimum. Two plumb bobs should be 
dropped from one side of the shaft, immediately against 
each side of the pulley. Posts should be set in below 
each bob and with the top a foot or so above the ground. 
“enter tacks should then be put in marking the bob 
»oints. The shaft should next be revolved a half revo- 
ution to see if the pulley is square on the shaft. A 
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board is nailed across the two posts mentioned and a 
tack in alignment with the first tacks and at a point half 
the distance between the two, is then put into the board. 
This gives a point that is on the direct pulley center 
line. The bob is next dropped over the shaft at a dis- 
tance of 16 ft. from the center tack just mentioned; 
a tack located here now gives two points on the line of 
the driven shaft, as shown in Fig. 2, one of which is 
also on the pulley center line. 

A wire is now stretched from this point A at approxi- 
mate right angles to the shaft center line. A mark C 
is made on this wire 12 ft. from the tack, as shown, 
and a steel tape stretched from the tack B to the mark C. 
The wire is shifted until the tape 
from B measures 20 ft. to the point C. 
This is the 3-4-5 method outlined in 
Fig. 3, wherein if 3 ft. be laid out on 
one line from A and 4 ft. on a second 
line measured from the intersection A 
then the two lines are at right angles 
if the diagonal BC measures 5 ft. Mul- 
tiples of 3-4-5 may be taken, such as 
9-12-15 or 12-16-20, as used in the 
aligning Fig. 2. The piano wire, on: 
being set at right angles to the driven 
shaft, should be anchored to a post on 
the opposite side of the foundation 
site. The desired distance between 
the engine shaft and driven shaft is 
next measured; say 20 ft., and a stake 
or post set in with a center tack. The point thus deter- 
mined is the intersection of the engine shaft and driv- 
ing-pulley center lines. 

The engine-shaft center line is next obtained by using 
the 3-4-5 rule. In making the measurements, the tape 
should be held as near horizontal as conditions will allow. 
Posts or stakes should be set in at some distance from 
the end of the foundation with center marks so that 
the line may be fixed for all time. An excellent plan, 
if the building permits, is to place four center tacks on 
the ceiling above the shaft and pulley center lines. This 
enables the engine to relocate the lines at any time. 
It is not necessary to attempt to establish an exactly 
horizontal center line, as this is best done after the 
engine is placed on the foundation. 

The foundation drawing showing the crankshaft and 
pulley-wheel center line is sufficient to enable one to lay 
out the foundation pit. If the engine is small, say under 
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50 hp., the dirt walls of the pit are quite suitable for 
the foundation form. If the dirt has a tendency to 
cave, rough planking may be placed in the pit, making 
a fairly good rectangular form. With larger engines 
it is advisable to construct a wooden form, for in most 
cases the foundation is not rectangular, but embodies 
an extension to carry the outboard bearing. In making 
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FIG. 2. ONE METHOD OF LOCATING ENGINE 
CENTER LINES 


a foundation, it is a good plan to provide a concrete 
trench or pipe chaise along one side of the foundation. 

This allows all piping to be placed under the floor and 
yet be accessible. This is much better than the all too 
common plan of installing the pipe in the floor, per- 
‘“manently embedded in the concrete. 

A typical foundation is shown in Fig. 1. At first 
glance the construction of the form may seem to be 
hard. Upon inspection it is found to consist of a rec- 
tangular lower portion upon which is set a portion which 
rises above the floor to carry the engine, and the block 
supporting the outboard bearing. 

Frequently, a foundation plan embodies a great num- 
ber of steps and angles, especially in cases where the 
draftsman is allowed to indulge in his fancies. Some 
claim that the earth pressure on the steps tends to 
eliminate vibration. However, the effect is slight and 
more is to be gained by employing generous dimensions 
and a better balancing of the engine. The engineer is 
advised to make the foundation as nearly rectangular 
as possible. Often this increases the concrete yardage, 
but concrete is cheaper than carpenter wages in build-* 
ing complicated forms. 

The first step is to excavate the pit that is to carry 
the lower block, this being from 4 to 8 ft. deep, as the 
size of the engine and the character of the soil may 
determine. The easiest method is to make the pit 
rectangular, using the dimensions given in Fig. 1, 15 ft. 
6 in. long by 7 ft. 6 in. wide, to which should be added 
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18 in. on each side to allow room for the forms and the 
removal of the planking. This gives over-all dimensions 
of 18 ft. 6 in. by 10 ft. 6 in. If there is no objection 
to leaving the form on the foundation after pouring, 
the allowance at the sides need be but the thickness of 
the plank plus that of the vertical supports. 

Proceeding with the form 2 x 4 studding long enough 
to project above the floor level a distance equal to the 
height of the upper base should be placed against the 
pit walls at intervals of 30 in. and 1-in. boards, prefer- 
ably tongued and grooved and finished on the foundation 
side, nailed to the 4-in. side of the studding. The 
boards should be cut to extend the entire length of each 
side of the pit and should be simply tacked with lignt 
nails just enough to hold them in place. With the sides 
made, a 1-in. plank should be laid across the bottom of 
the pit in line with each 2 x 4 and two cleats nailed at 
each end. When the sides are straightened, the base 
of each 2 x 4 rests between a set of cleats holding the 
bottom of the frame. Planking is next placed against 
the dirt sides in line with each 2 x 4, and short strips 
are joined to the plank and 2 x 4 timber. The ends of 
the form are next made in the same way. The founda- 
tion now has the appearance of Fig. 5, while at the side 
of the illustration is a sketch of the method of support- 
ing the form. In addition a few braces should be 
nailed across the form at the top to brace the frame 
and to serve as a foundation for the upper base form. 
These braces must be no thicker than the amount of 
grouting to be used. 

The offsets in the lower form are next made by 
adding a box at each corner, as outlined in Fig. 6. 

Before the upper foundation form is constructed, the 
templet for the foundation bolts should be made and 
placed over the excavation. It is usual for the engine 
builder to furnish this, but if the contract does not so 
specify, the engineer can easily make one up from the 
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FIG. 3. LOCATING LINES AT RIGHT ANGLES WITH A SCALE 


dimensions shown in the foundation plan. For small 
units 6-in. finishing lumber 1 in. thick is acceptable. 
For larger units there is not enough rigidity in such 
light material, and 13 x 8 lumber should be used. 
Assume that the blueprints show the foundation bolts 
and engine shaft and flywheel center lines to be as 
shown in Fig, 7. Two planks about 12 ft. long should 
have the engine-frame bolt holes laid out and bored. 
Cross strips and a center strip at least 16 ft. long should 
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then be laid on a smooth floor and a line drawn down With the templet in place the foundation bolts should 
its center. The longitudinal planks carry the bolt holes be hung from it and it should be lowered or raised until 
and are then nailed to the cross-planking, giving a_ its bottom is on the level of the top of the upper form. 
templet as shown in Fig. 8. It is no great matter to The templet should now be fastened rigidly to the sup- 


place the planks carrying the engine-bed bolt holes porting posts previously mentioned. It is also necessary 
parallel to the shaft center line. In locating the fly- 


wheel and pulley-wheel center lines, a steel square may K - 
be laid along the shaft center line and the flywheel line ) 
drawn at right angles. To check the accuracy, the 3-4-5 { 
method may be used. The outboard bearing bolts are 
: 
| 
& 
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FIG. 6. MAKING FORMS FOR OFFSETS 
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° to level the templet. This is not difficult for by using 
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‘ ae a spirit level a close approximation of the true level 
‘\, me is secured. A variation of 4 in. is not serious, as this 

bat cell can be corrected when leveling the engine bed. 
Next in the process is the construction of the upper 


foundation form and the form for the outboard-bearing 
located in the same manner. The templet should be support. All that is necessary is to build up an open- 
thoroughly reinforced and, after being placed on the bottom, pageant top box at the proper place. The cross- 
foundation form, should be rechecked, for alignment of ‘imbers holding the top of the lower form are used as 
the aanter Bees. a basis of the framing for the upper form. No timber- 
The templet is often swung from rods or heavy cable i" should project into these open boxes, for if so, they 
suspended from the roof. In this way, if the templet will be covered with the camenete. , . 
is shifted by accident, it will return to its true position. In the matter of the foundation bolts practice varies. 
This method cannot be used in all cases, and the templet - It = ne to have some play in the bolts, for the 
| may be set on the form. A good ~lan is to drive in engine-bed bolt holes are cored and may be slightly out. 
| heavy posts some distance away from the foundation A convenient tube to place around the bolts in order to 
,' and suspend the templet from timbering nailed to these have the bolts free to move is 2% to 3 in. water > pong 
posts. This eliminates all damage of misalignment due made of galvanized sheet steel. These wes light es a 
to shifting of the foundation form. less costly than iron pipe. In large ergines it is quite 
A still better scheme is to place 8 x 8 timbers across common to use such tubes together with recesses at the 
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FIG. 7. ENGINE FOUNDATION PLAN 

bottom, access to which is from the side of the founda- 
tion base. This has the advantage of allowing the 
engine to be moved onto the foundation without the 
necessity of being lifted to clear the protruding bolts. 
The bolts are then dropped in and a nut and washer 


le. placed at the bottom of the bo’t as well as the top. 
ch FIG. 5. FOUNDATION FORM IN PLACE The objection to this method is tuat it is hard to screw 
on the lower nuts since one must work in a very confined 
Its the foundation pit, the ends held in place by stakes. position. Preferably, the bolts should be set into the 
as The templet may then be bolted to the under side of foundation before the latter is poured. Washers, say, 
ald these timbers. By loading the timber ends, no shifting 6 to 10 in. square should be placed at the lower end of 
ed. can oecur even if a careless laborer dumps a barrow _ the bolt. 
uld © cement upon the frame. The foundation is now ready to pour. A mixture of 
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1-2}-5 concrete makes an excellent foundation and is 
recommended. In mixing the concrete, excessive 
amounts of water should not be used for the water will 
leak out, carrying much of the cement. 

The concrete should be well rammed, and not over 
6 in. of depth should be poured at one time. After the 
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SUSPENDING TEMPLET OVER FOUNDATION 
EXCAVATION 


FIG. 8. 


job is completed, it should be covered with wet sand 
and allowed to ripen for ten days to three weeks, as this 
ripening increases its strength. 

During the concreting frequent checking of the align- 
ment with the driving machinery should be made to 
correct any shifting of the templet. 


Relation of the Temperature, Volume 
and Pressure of a Gas 


Everybody knows that if a gas (such as air) is heated, 
while the volume is held constant, the pressure will rise, 
and likewise that an increase in temperature without 
change of pressure (as in a boiler furnace) will in- 
crease the volume. But what is the exact relation? 
Does doubling the temperature double the pressure or 
volume in these two cases? It does not if pressures and 
temperatures are measured from zero gage and zero 
Fahrenheit respectively, because these points are 
entirely arbitrary as far as the expansion of gases is 
concerned. 

If, on the other hand, temperatures and pressures are 
measured on the absolute scales, this simple relation 
holds with high accuracy for gases that are well above 
the point where they liquefy. It does not apply with 
any accuracy to steam, ammonia gas, etc., under average 
conditions because they are not far removed from the 
liquid state and so are vapors rather than true gases. 
It will be understood that the following discussion 
applies only to substances that are true gases (such 
as air under all ordinary conditions of pressure and 
temperature). 

To find the effect of a temperature change on the 
volume or pressure it is first necessary to know how to 
change Fahrenheit temperature and gage pressure to 
absolute temperature and pressure respectively. The 
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absolute zero of temperature is 460 deg. below the 
Fahrenheit zero. So, to get the absolute temperature, 
add 460 deg. to the Fahrenheit temperature. For 
example, 60 deg. F. is equivalent to 460 -+ 60 = 520 deg. 
absolute. 

Similarly, the absolute pressure is obtained by adding 
the pressure of the atmosphere to the gage pressure. 
Atmospheric pressure varies a little, but stays pretty 
close to 14.7 Ib. per sq.in., so this figure is good enough 
for most practical work. If the gage pressure is 5 lb., 
the absolute will be 14.7 + 5 = 19.7 lb. 

The relation of the pressure, volume and tempera- 
ture of a constant weight of any gas may be expressed 
by three rules. The first of these follows: 

At constant volume the absolute pressure is propor- 

tional to the absolute temperature. 

Suppose that a tank is full of air at 60 lb. gage pres- 
sure and a temperature of 130 deg. F. What will be the 
gage pressure when the air cools to the room tempera- 
ture of 70 deg. F.? The original absolute temperature 
is 460 + 130 = 590 deg., and the final is 530 deg. 
(460 + 70). The absolute pressure at the start is 60 +- 
14.7 = 74.7 lb. At the finish it must be less. In fact 


it will be ae as much as at the start. Multiplying 74.7 


by a , we get 67.1 lb. absolute pressure. The final 


gage pressure will be 67.1 — 14.7 = 52.4 lb. 

The following rule expresses the relation between 
temperature and volume: 

At constant pressure the volume is proportional to 

the absolute temperature. 

As an example suppose that a fan receives 1,000 cu.ft. 
of air per minute at 20 deg. F. and that this passes 
without appreciable rise in pressure through a heating 
coil which raises its temperature to 75 deg. F. What 
volume of hot air will leave the coil per minute? The 
initial absolute temperature is 480 deg. (460 + 20) 
and the final is 5385 (460 + 75). Therefore the final 


volume will be 335 X< 1,000 = 1,114 cu.ft. per minute. 


The third rule covers the case where the temperature 
remains constant while the gas is expanded or com- 
pressed. This rule follows: 


At constant temperature the volume is inversely pro- 

portional to the absolute pressure. 

That is to say, doubling the pressure cuts the volume 
in half, tripling the volume cuts the pressure down to 
a third, etc. Suppose that a tank of 200-cu.ft. capacity 
is full of compressed air at 110-lb. gage pressure. What 
volume would this air occupy if expanded to room pres- 
sure without change in temperature? The initial pres- 
sure is 14.7 + 110 = 124.7 lb., while the final is 14.7 lb. 


Since the final pressure is at times the initial pres- 


sure, the final volume will be a times as much as the 


original volume. 


200 < pean = 1,696 cu.ft. 


Therefore the final volume will be 


It often happens that temperature, pressure and 
volume all change at the same time. If all the condi- 
tions are known except the final value of one of these 
quantities, the latter can be obtained from the foregoing 
rules by figuring the change in two steps. 
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The Wheatstone Bridge and 
How It Operates 


By CHARLES A. ARMSTRONG 


looked upon as a device for measuring the resistance 

of electric circuits, and in this field it still has a wide 
application. However, the principle of the Wheatstone 
bridge has in recent years found many new applica- 
tions, many of these in various types of apparatus used 
for different purposes in a steam-power plant—for 
example, equipment for measuring condenser leakage, 
for determining the condition of water in boilers, for 


[: IS not so long ago that the Wheatstone bridge was 


R=100 
FI6.3 


closed by the unknown resistance R, whose ohmic value 
is to be measured. In measuring the value of re- 
sistance R, the values R, R, and R, are adjusted so 
that when the switches S and S, are closed, the pointer 
on galvanometer G is on zero. When this condition is 
reached, the value of R may be obtained by the formula, 


Assume that the galvanometer reads zero 
2 
under a condition as shown in the figure, where the 500- 


FIG.4 


FIGS. 1 TO 4. DIAGRAMS OF WHEATSTONE BRIDGE AND HYDRAULIC ANALOGY OF HOW THE BRIDGE OPERATES 


measuring the CO, content in flue gases, etc. Although 
these applications are new, they have passed from the 
experimental to the commercial state, even if consider- 
able research work may still remain to be done. It is on 
account of the many applications that are being found 
for the Wheatstone-bridge principle in instruments on 
the steam end of the power plant that this article is 
presented. 


The Wheatstone bridge consists of three known 
resistances, R,, R, and R, 


4 


ohm plug is out of R,, 10-ohm plug out of R, and the 20- 


ohm plug out of R,; then R= ~~ <9 __ 1000 ohms. 


When the galvanometer reads zero, no current is flow- 
ing through it, either from C to D or from D to C. 
Under such a condition the bridge is said to be balanced. 
Conditions that can exist to cause current to flow 
through the galvanometer will be best understood by 
referring to Fig. 2. In this figure we have a divided 
pipe circuit assumed to 


in Fig. 1, arranged so 


that their values can be A explanation is given of the Wheat- 
stone bridge, and then it is shown how this 

device is applied to measuring contamination in 

boiler-feed water and CO, in flue gases. 


varied by removing plugs. 
A galvanometer G and a 
battery E are connected 
as shown. The bridge is 


be connected into a water 
line. The four sections 
R,, R, R, and R corre- 
spond to the four arms 
of the Wheatstone bridge, 


Fig. 1. The points C and 
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D, Fig. 2, are connected by a small pipe and valve G, which 
correspond to the galvanometer G, Fig. 1. Assume that 
the four valves V in Fig. 2 are open and that each path 
through the pipe line offers equal resistance to the flow 
of the water, then equal amounts will flow through each 
path. Under such a condition the pressure gages P and 
P, will read alike; that is, the pressure at points C and 
D are equal and no water will flow through G even if it 
is open. This is because, before water can flow from one 
point to another, there must be a difference of pressure. 
A condition similar to that assumed in Fig. 2 is like 
what is produced in Fig. 1. When the bridge is balanced, 
points C and D are at the same potential (voltage) and, 
as in a water pipe, there can be no flow from one point to 
another without a difference of pressure. 

Take an extreme case in Fig. 2 and assume that we 
close valves V, and G, then no water can flow through 
R, and R,. Since there is no flow through this section, 
the pressure at P will be the same as at B, but since 
water is flowing through R and R,, there will be a drop 
in pressure from B to C, consequently meter P, will 
read less than P. Since the pressure is higher at P 
than at P.,, if valve G is opened water will flow from C 
to D as well as from B to C. This condition is similar 
to having the Wheatstone bridge balanced in Fig. 3, 
where R, R,, R, and R, are all made to equal 100 ohms, 
and then pulling some more of the plugs out of arm 
R,. This would cause the voltage at D to become higher 
than at C, and current would flow from D to C through 
the galvanometer and cause a deflection of its needle. If 
the valve V, is gradually opened, the pressure at P will 
gradually decrease, as will the flow through G, until 
valve V, is full open, when the pressure at C will become 
equal to that at D and the flow through G will cease. 

In Fig. 3 all four resistances are made the same value. 
However, in practice this would seldom be the condition 
when the bridge is balanced; if it were always the case, 
then the values of R could be read directly. The relation 
between the four resistances are made such as to make 
points C and D at the same voltage, and when this con- 
dition exists R can be calculated by the formula given in 
the foregoing. 

If valve V, were closed or partly closed then the pres- 
sure at D would become lower than at C and water would 
flow from C to D. This is in a reverse direction from 
when V, was closed. Likewise, if R, is made of a greater 
value than R, with R and R, equal, as in Fig. 4, then 
current will flow from C to D and the galvanometer will 
be deflected. By closing valve V, Fig. 2, the pressure 
will drop at C below that at D and there will be a flow 
from D to C through G. This would also be true for 
the Wheatstone bridge if R,, R, and R, were each made 
equal to 100 ohms and R equal to 200 ohms; then 
the voltage at C would be lower than at D and current 
would flow from D to C and deflect the galvanometer. 
From this it is seen that by varying the resistance of R 
different deflections of the needle on the galvanometer G 
will be obtained. The higher the resistance is made the 
greater the deflection, and the lower the resistance the 
smaller the deflection, until R equals R,, R, and R, when 
the pointer comes to zero. The reverse of the foregoing 
is also true. By making the value of R less than R,, R, 
and R,, the galvanometer can be deflected. The lower 
R is made, the greater the deflection. Being able to 
vary the deflection of the pointer on a galvanometer by 
changing the value of a resistance R in a Wheatstone 
bridge has been taken advantage of to make some of the 
measurements outlined in the opening paragraph. 
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Suppose that in Fig. 5 we connect three resistances, 
R,, R, and R,, of equal value as shown, and for R connect 
in two metal strips immersed in one gallon of pure 
water. These strips are of such a size and placed at 
such a distance apart that the resistance offered to the 
flow of current between them will just equal R,. By con- 
necting a galvanometer G from C to D and a battery 
from A to B, we have the same arrangement as in Fig. 
3. Since all the resistances have the same value, no cur- 
rent will flow through the galvanometer. 

Now assume that, say, 5 grains of salt is added to the 
gallon of water. This will make it a better electrical 
conductor, consequently will make the resistance of R 
lower than R,. The bridge will now be out of balance 
and will make the voltage at D lower than at C, there- 
fore current will flow from C to D and deflect the instru- 
ment a certain amount on the scale. This point can be 
marked 5. After marking this point, 5 grains more of 
salt may be added, which will further reduce the elec- 


FIG. 5. SHOWS HOW WHEATSTONE BRIDGE MAY BE USED 
TO MEASURE IMPURITIES IN BOILER-FEED WATER 


trical resistance of the water and cause a greater deflec- 
tion on the meter. The new location of the needle 
can be marked 10. After this has been done, 5 grains 
more of salt may be added to the water and the 
deflection of the needle marked 15. This may be con- 
tinued until the full scale throw of the needle has 
been determined; then we have a meter that will 
indicate the grains of salt per gallon of pure water. For 
example, suppose that the electrodes are put into the 
condensate from a condenser on a steam turbine; the 
meter would then indicate the grains of salt per gallon 
of this water. If the electrodes were placed in a sample 
of water drawn from a boiler, the meter would measure 
the grains of salt per gallon of water in the boiler. 
These readings could be used to indicate when it is 
necessary to take the condenser out of service for 
repairs or when to blow-down the boiler. Of course, in 
practice the problem is not quite so simple as set forth 
here, since the effects of temperature must be contended 
with as well as polarizing of the electrode and other 
factors. Furthermore the resistances R,, R, and R, are 
not made adjustable, as in Fig. 4. 

In using the Wheatstone bridge as a CO, meter, one 
arm of the bridge, for example, arm R, is placed in a 
container through which the flue gases pass, and since 
these gases have a thermal conductivity different from 
air, the bridge is thrown out of balance and the meter 
caused to deflect much the same as explained in the 
foregoing. Of course the meter must be calibrated for 
the CO, content in the gas. 

A subsequent article will describe in detail a CO. 
meter of this type. 
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Should Agricuitural Boilers 
Be Exempt?* 


By R. L. HEMINGWAY 
Chief Boiler Inspector, Industrial Accident Commission of California 


The fact that boilers of low as well as high pressures 
will explode with a proportional degree of damage is 
borne out by a recent explosion in a horticultural nur- 
sery in California. The boiler was one of five set in a 


FIG. 1. THE REMAINS OF THE BOILER AFTER REMOVAL 
FROM THE SCENE OF EXPLOSION 


deep pit and used exclusively for heating the green- 
houses surrounding the boiler plant. Examination of 
the remains of the boiler shell showed that it was in 
such a badly corroded condition that its operation at 
any pressure whatever was little short of criminal. 

This boiler was one of the horizontal return-tubular 
type, 48 in. in diameter by 16 ft. long. The original 
shell plate was *s-in. thick, with longitudinal double- 
riveted lap joints, 8-in. rivets in tt-in. holes and pitched 
2t3-in. apart. The front head above the tubes was 
stayed by seven 1-in. welded diagonal braces, and on the 
rear head, which contained a manhole, there were six 
l1-in. similar braces. The rear head below the tubes was 
supported by five 1-in. welded braces, and the front head, 
which contained a manhole, had no braces, the manhole 
opening being reinforced by a flat ring riveted to the 
head. The rear head, shown in Fig. 1, had three broken 
stays on one side of the manhole. All the tubes but one 
were pulled out of this head. 

Fortunately, the explosion occurred at a time when 
there was no one around, so that the damage was 
restricted to property surrounding the plant. The im- 
mediate cause of the rupture was the fact that the shell 
course had become so badly pitted and corroded that 
a large portion of the bottom shell was eaten down to a 
feather edge. The pitting had gone through the sheet 
in some places, and an attempt had been made to make 
the boiler tight by reaming out some of these pit holes 
and putting in bolts, with asbestos washers under the 
heads. These are clearly shown in Fig. 2. 

The proprietor stated that the 4-in. ball-and-lever 
safety valve had recently been removed and the seat 
cround in on account of leakage; consequently, it is 


*This article was prepared for the National Safety News. 
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reasonable to suppose that the pressure did not exceed 
30 or 35 lb. Notwithstanding this so-called’ low pres- 
sure, the rear course was entirely torn away from both 
the rear head and the second course, the tear starting in 
the pitted portion of the sheet and. extending through 
portions of the shell that showed little, if any, decrease 
in thickness. Our records do not show that this boiler 
had ever been inspected by any recognized authority. 

The Workmen’s Compensation, Insurance and Safety 
Act gives the Industrial Accident Commission jurisdic- 
tion over agriculture and its allied industries, but as 
these are exempt from compensation except where the 
employer elects to come under its provisions, the Safety 
Department has never attempted to inspect such hazards 
systematically. 

Here, then, was a boiler operated within the limits of 
an incorporated city, and in fact within the residential 
district, on which no inspection had ever been made and 
in such a condition that inspection would undoubtedly 
have resulted in its being discontinued from service, 
which means also that the explosion would have been 
prevented. 

Operators of these so-called low-pressure heating 
boilers are frequently heard to remark that they carry 
only 70 or 80 lb., which they imagine is not capable of 
doing much damage or of injuring anyone. Yet in this 
case we find a boiler operating at only 30 lb., which, 
when it blows up, is capable of tearing 1s in. boiler-shell 
plate clear through the solid and ripping one of the 
courses off the shell of the boiler. In addition to that 
the boiler itself was lifted out of the setting and turned 
upside down. 

There is but one way in which the ignorance that will 
continue to operate a boiler in the condition that this 


FIG. 2. PART OF THE REAR COURSE, SHOWING CHALK 
CIRCLES INCLOSING CORRODED SPOTS THAT 
WERE PAPER-THIN 


one was in can be overcome, and that is by insisting that 
only such men as have demonstrated their competency 
shall be placed in charge of steam boilers—at least, 
wherever the pressure exceeds 15 lb. per square inch, 


A synchronous motor may be expected to drop out of 
synchronism at about two and a half times its normal 
load, while a rotary converter will stand as high as ten 
or twelve times normal load before falling out of step. 
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Finding the Mean Effective Pressure 
from the Indicator Diagram 


measure the power that an engine is developing, 

and in order to do this the average net, or mean 
effective, pressure must be determined. 

The pressure at any point in the revolution may be 

measured from the diagram with the scale correspond- 

ing to the spring with which the diagram was taken. 


QO: of the principal uses of the indicator is to 
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Stroke Volume 
FIG. 1. PRESSURE EXERTED UPON THE PISTON 


In Fig. 1, for example, the height of the point G above 
the line of zero pressure OX indicates the pressure in 
the cylinder when the piston had arrived at the position 
J on its forward stroke. If a diagram from the other 
end ware available, the pressure (corresponding on that 
diagram to HJ) that acted against the other side of the 
piston at the same instant could be measured and the 
difference GH would be the net, or unbalanced, pres- 
sure moving the piston forward at that point in the 
stroke. 

To get the average net force pushing the piston for- 
ward on the head-end stroke, we need to take the average 
height of the back pressure line DEF from the crank-end 
diagram from the average height of the forward pres- 


Head Crank 


FIG. 2. ENGINE WITH UNBALANCED BACK PRESSUR... 


sure line ABC on the head-end diagram. If these 
heights are measured with the scale corresponding to 
the spring with which the diagram was taken, the differ- 
ence will be the mean effective pressure for the head-end 
stroke in pounds per square inch. 

For some particular purposes it is necessary thus to 
find the mean effective pressure per stroke. For 
instance, suppose you are trying to balance the load on a 
cylinder, one end of which is run condensing and the 
other end exhausts against a back pressure for heating, 
as in Fig. 2. Although one would not think so from 
the areas of the diagrams, the crank end is doing the 


bulk of the work, and the engineer who tried to even up 
the load by making the areas of the diagrams equal 
would get into trouble. In Fig. 3 the diagrams are re- 
constructed by putting the back-pressure line of the 
crank-end diagram with the forward-pressure line of 
the head-end diagram and vice versa. The work done 
by each end is now proportional to the area of the 
diagram having the forward pressure line of that end 
of the cylinder and by evening up those areas the load 
may be balanced between the two ends. 

For the purpose of computing the power of the engine, 


FIG. 3. RECONSTRUCTION DIAGRAMS SHOWN IN FIG. 2 


the mean effective pressure per revolution will do. To 
find this the average height of the two back-pressure 
lines must be subtracted from the average height of 
the two forward-pressure lines, and as it does not make 
any difference in what order these terms are taken, the 
result will be the same if we take the back pressure from 
the forward pressure line of the same diagram, and it 
simplifies the operation. 

The mean effective pressure for the revolution, then, 
is proportional to the average distance between the 
forward and backward stroke lines of the diagrams 
from both ends. 

The simplest way to obtain the average height of a 
closed figure of this kind is to divide its area by its 


A 


1 


--- 


FIG. 4. FINDING MEAN HEIGHT QF DIAGRAM 


length. If a plane figure is 4 in. long and covers 8 
sq.in., it is easy to see that, whatever its shape may be, 
its average height is 8-—-4—2in. This is the way that 
most indicator diagrams are treated. The diagram area 
is measured with a planimeter, and by dividing the area 
by the length the average height is obtained. This 
height multiplied by the scale of the spring with which 
the diagram was taken, gives the mean effective pres- 
sure. This operation will be explained in detail in an 
article on the planimeter and its use. 
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In the absence of a planimeter the mean effective 
pressure may be measured approximately by dividing 
the diagram into equal divisions, as in Fig. 4, measuring 
the height 1 of each divisiun and multiplying their 
average height by the scale of the spring. The more 
numerous the divisions the more accurate the result. 
Ten are generally used because it is easy to divide by 
10 in getting the average. 


ERECTING THE MEAN ORDINATES 


It is almost impossible to divide a diagram length 
directly into 10 even sections since the diagram is 
seldom of an even measure, as 3 or 4 inches. To find 
the heights 1 of the 10 divisions, which are the measure- 
ments actually desired, as shown in Fig. 4, rather than 
the divisions themselves, vertical lines perpendicular 
to the vacuum line at O and X and touching the ends of 
the diagram to be measured, should be erected. Nex‘, 
taking a 5-in. rule, place it at an angle with OX that 
allows the zero reading on the scale to be at O and the 5 
mark to cut the vertical line drawn through X the end 
of the diagram, as shown in Fig. 5. Now draw a line along 
the rule from O, and using the rule and a pin, start at 
the j-in. scale reading and meke a pin mark; next make 
one opposite the ?-in. mark, followed by one at 2}, at 
22, 34, etc., each 4 in. apart. By drawing through these 
pin marks lines perpendicular to the vacuum line OX the 
diagram length is divided into 11 spaces, the first one 
OK’ and the last one SX being just one-half the length 
of each of the remaining spaces. The points at which 
these vertical lines cut the upper and lower lines of the 
diagram define the limits of the several lengths l,, L.,, 

To find the average height, the sum of Ll, lL, 
lL . . . UL, is first found, and by dividing by the 
number of lines (10), the average height is deter- 
mined. This is proportional to the mean effective pres- 
sure, the factor being the spring scale. If a 40-lb. 
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FIG. 5. DIVIDING DIAGRAM LENGTH INTO SECTIONS TO 
FIND MEAN HEIGHT 


spring has been used in the indicator, it is best to use a 
rule with a 40-lb. scale marked on it for measuring the 
distances I, etc. By then dividing by 10, the m.e.p. in 
pounds per square inch is found, If such a rule is not 
at hand an ordinary rule may be used and the value 
obtained in inches multiplied by the spring’ scale. 

A plan followed by many engineers is to take a strip 
of paper and by laying it along /, first mark this length 
on the paper, then the strip is transferred to 1, and this 
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added to the length I, already marked on the paper strip. 
By thus adding all the ten lengths, the sum may be 
measured by a scale, and the error should be less than 
when the scale is set against each length. 

There are other methods of obtaining the mean effec- 
tive pressure. Chief among these is the use of the 
planimeter, which is an area-measuring instrument to 
be described in the next article, and which gives more 


= 
FIG. 6. DIAGRAM SHOWING NEGATIVE WORK 


accurate results than can be obtained by the use of a 
scale and the planimeter should be used where accuracy 
is dsired. 

The method here outlined may be placed in the form 
of a rule as follows: 

Divide the diagram length into 11 divisions, the first 
and last being one-half each of the other divisions. 
Erect vertical lines at each division. Add together 
the distances intercepted on these vertical lines by the 
top and bottom portion of the indicator diagram. Divide 
the sum by 10 and multiply by the spring scale. Result 
gives the mean effective pressure. 

Trapezoidal Rule: 


Divide the diagram length into any sufficient number 
of equal parts. Add half the sum of the two end 
crdinates to the sum of all the other ordinates and 
divide by the number of spaces (that is, one less than 
the number of ordinates). The result is the mean 
ordinate. 

Simpson’s Rule: 

Divide the diagram length into any even number of 
equal parts at the common distance “D” apart. Frect 
ordinates at each point. Add together the first and 
last ordinate and call the sum “A.” Add together the 
even ordinates and call their sum “B”’; add together the 
odd ordinates except the first and last and call this 


sum “C.” Then the area of the figure is 


D) when F is the 
number of parts into which the diagram length was 
divided and S is the spring scale. 

With short cutoffs the steam may expand below the 
back-pressure line, as in Fig. 6. In finding the mean 
back-pressure line, as in Fig. 4. In finding the mean 
effective pressure, the sum of the ordinates to the right 
of the point a (since they are negative) must be sub- 
tracted from the sum of the ordinates to the left of a. 


D and the m.e.p. is S 


The production of natural gas in the United States 
in 1919 was 798,859,412,000 cu.ft. Consumption was 
739,915,781,000 cu.ft. The average price was 21.7c ver 
1,000 cu.ft. 
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Lubricating Without an Oil Film 


By W. F. OSBORNE* 


between two moving surfaces can be reduced by 
interposing between them a film of lubricant 
which prevents any metallic contact between the two. 
We now have to consider conditions where the film is 
not complete and where there is partial contact of the 
surfaces—a situation that probably exists in all slow- 
speed bearings and in flat surfaces such as crosshead 
guides, pistons, valves, valve and piston rods, etc. 
Film lubrication depends upon the formation of a 
wedge of lubricant that develops sufficient pressure to 
hold the metal surfaces apart. The Kingsbury thrust 
bearing is constructed on this principle, the shoes being 
pivoted so that they tilt, and as the shaft rotates, a 
wedge of oil is forced under them, completely lifting 
the load and supporting it on a film of oil. Pistons and 
rings cannot be constructed to do this, for if they per- 
mitted the passage of oil, they would also leak gas or 
steam. 


E WAS pointed out in Power, April 18, how friction 


ACTION OF FILMLESS LUBRICATION 


We know, however, that even though the perfect film 
is not formed, we can still get a marked reduction in 
frictional losses and temperatures by the use of oil or 
grease. This is probably due to the absorption of the 
oil into the pores of the metal and the filling in of the 
low spots of an irregular surface. A broken piece of 
babbitt or cast iron from a bearing plainly shows the 
absorption of the oil, sometimes to the depth of an 
eighth of an inch. Even though the surface of a bearing 
be wiped as dry as possible, the friction will still be 
less than it would be if the surface were freshly cut 
and polished. 

Experience also shows us that there is a difference in 
the action of oils of differing viscosities, the heavy- 
bodied, or viscous, oils in general reducing the frictional 
resistance between such surfaces more than thin oils. 
This seems reasonable if it is true that the effect of 
the oil is to fill up the low spots and make a smoother 
surface on the bearing. Of course if the viscosity of 
the oil is so great that it cannot flow to the surfaces, the 
results will not be entirely satisfactory. We would 
then have conditions similar to the lubrication of bear- 
ings with grease. The frictional temperature must be 
great enough to melt the grease and reduce its 
viscosity to the point where it will flow into the bearing. 
This condition is alleviated by the use of compression 
cups which force the grease into the bearing. 


VARIATION IN OILINESS 

There also seems to be a general belief to the effect 
that there is a difference in the oiliness of oils, quite 
apart from their viscosities, which may be identical. 
In other words, two oils of exactly the same viscosities 
appear under certain conditions to have different coeffi- 
cients of friction. This property of oiliness apparently 
has no effect whatever when perfect film lubrication is 
secured, but when the wedge action is not great enough 
to separate the two surfaces completely, there appears 
to be some property of the oil other than viscosity 
which influences the frictional losses. 

This phenomenon has not yet been satisfactorily 


*Supervisor Manufacturer's Service, Texas Co. 


explained, although it may be possible that certain oils 
form, with the metal of the journal or its bearing, 
compounds which smooth up the rough spots by filling 
them in and thus reduce the friction. We know that 
the inside of a properly lubricated steam cylinder is 
covered with a highly polished glazing of some sort. 
When changing from one cylinder oil to another, this 
glaze or polish sometimes comes off and the cylinder 
appears rough for several days until a new surface is 
formed. Alkali or excessive water in the cylinder seems 
to do the same thing. This might be due to the fact 
that the compounds formed by the oil and held in the 
pores of the metal are dissolved out by the new oil, 
or the alkali in the second case, and until -the pores 
are filled up again witk new compounds, the surface 
appears rough. 

It is a fact that metallic soaps can be formed from 
certain substances developed in the oil when it is used 
under conditions of heat and moisture, and it is pos- 
sible that these metallic compounds may account for 
the difference in the apparent degree of oiliness of cer- 
tain oils. 

Experimental data indicate that greasy friction is 
greater than film friction, so that the more closely the 
conditions of film lubrication are approached, the less 
will be the frictional losses and the wear. Any mechan- 
ical construction that will foster the formation of a 
lubricating film will certainly tend to lower the fric- 
tional resistance. All flat surfaces should have suitable 
grooves cut in them so as to lead the oil: between them 
and assist in the formation of such a film. 


QUESTIONS ON LUBRICATION 


Q. What makes a bearing wear when conditiuns are 
such as to produce a perfect oil film between the shaft 
and bearing? 

A. Under conditions where a perfect film is formed, 
the bearing and shaft co not touch and there should 
be no wear whatever. Yet we do know that bearings 
wear even though we feel quite sure that perfect lubri- 
cation exists. Bearing wear might occur under such 
conditions through the abrasion of the bearing metal 
by small particles of dust or other foreign matter get- 
ting into the bearing from the atmosphere. The 
continuous circulation of these small bits through the 
small clearance space gradually wears off part of the 
bearing metal, and these bits of bearing metal further 
increase the abrasion as they are circulated through 
the bearing. The writer has seen engines equipped 
with circulating oiling systems, exposed to the ordinary 
dust of steel mills, where as much as fifty pounds of 
pulverized steel dust was circulated through each bear- 
ing every twenty-four hcurs. 

Q. If it is a fact that metallic soaps are formed under 
certain operating conditions, might it not also be pos- 
sible that the soaps are soluble in the oil, and are 
dissolved out of the pores of the metal as the oil is 
circulated through the bearing? 

A. The continuous formation of new compounds and 
their removal from the pores would result in a gradual 
loss of metal from the bearing, even though there was 
no actual abrasion. Undoubtedly, such a wearing would 
be very small and unnoticeable for a very long time. 
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Residual Energy in the Exhaust 
of Reciprocating Engines 


ITH the higher initial pressures now in use, it is 

impractical to expand steam in a reciprocating 
engine to the counter-pressure. If the steam is cut off 
very early, the turning effort will be irregular, the 
mean effective pressure low, the capacity small and the 
friction and internal losses and investment per brake 
horsepower excessive. 

It is better, therefore, to carry the admission longer 
and release the steam while it is still under considerable 
pressure, because the energy derivable from its further 
expansion would not be enough to counterbalance these 
costs and disadvantages. 

The energy of the unexparded steam is much more 
than is necessary to overcome the back pressure and 
make room for itself in the atmosphere or other environ- 
ment into which it is exhausted. The surplus dissipates 
itself in getting up velocity in the exhausted steam and 
the entrained air and in making a noise. 

It may be possible to so apply the energy developed by 
the expansion of this steam outside of the cylinder as 
to increase the capacity of the engine. Professor 
Stumpf has shown, in his recently published book upon 
the una-flow engine, how this may be done. An excerpt 
from his writings appears on page 542 for April 4. 

While the application quoted was to a locomotive, the 
possibilities of the principle involved appear to be 
general. The released steam, instead of being allowed 
to expand indiscriminately, is discharged through 
venturi nozzles generating such velocity as to cause the 
discharged mass to pull a vacuum behind itself and to 
reduce the back pressure during a portion of the 
counter-stroke. Other arrangements than that outlined 
may be possible, by which the inductive action of jets 
actuated by the release pressure may be utilized to 
reduce the pressure in the chamber into which the 
engine exhausts, and thus transfer some of the residual 
energy of the uncompleted expansion to the main piston. 


Power-Plant Locations 


N THE old days the “gas-works gang” was regarded as 

the toughest in any city, and the gas-works neighbor- 
hood a most undesirable residence or business section. 
But public-utility companies, particularly central-station 
and telphone companies, have learned that it pays well 
to make their plants attractive, good neighbors. Many 
industrial plants have considezed the problem from the 
same point of view and others may well do so. 

A manufacturing establishment, especially one mak- 
ing large equipment, must necessarily be located on a 
railroad or with good facilities for trucking. These 
facilities are to be had often in suburban locations, 
especially those not too close to fine residence districts. 
If the rest of the factory can live up to such a desirable 
plant location, there is no reason why the power plant 
cannot do so. Coal dust, smoke from the stacks and 
careless handling of ashes provide a possible nuisance 
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to surrounding property but with proper handling they 
can be reduced to an unobjectionable minimum. Par- 
ticularly, there is no excuse for excessive quantities of 
smoke or dirt from the boiler room or stacks; and the 
handling of ashes can be done by such means as will 
make this operation as clean and as little objectionable 
as the handling of merchandise. 

The employees of any plant that is in a good location 
are likely to respond to the pleasant surroundings and 
render better service than when confined to congested 
points in the heart of the city. A few trees, a strip of 
lawn and flower beds make a more attractive outlook 
to everyone than dirty back yards and paved alleys. 
In some cases the probable performance of the power 
plant will determine which of the two settings must be 
chosen for the establishment as a whole. If those who 
are planning and operating the power plant will recog- 
nize this, they will serve well not only themselves, but 
all other members of the force. It certainly is worth 


while to plan the power plant so that it can be considered 
a good neighbor. 


Efficiency in Water-Power 
Development 


AL, oil and natural gas, until comparatively recent 
years, were considered as practically inexhaustible 
sources of fuel, and little attention was given to their 
conservation. This dream of unlimited resources has 
been shattered. Natural gas has been exhausted to 
the extent that its use is restricted to certain classes 
of service. Our oil resources are being rapidly depleted, 
and the exhaustion of certain fields is already at hand. 
In fact, production in our own oil fields is no longer 
sufficient to supply our needs by about twenty per cent 
—the deficiency being supplied from the Mexican fields. 
Although our coal supply is probably large enough 
to last for thousands of years, the better grades and 
the most easily mined fields are fast being exhausted, 
and although there may be no imminent danger of ex- 
hausting the supply, the time is fast approaching when 
poorer grades and higher-priced coals must be used. 
In fact, serious attention is being given already to 
the utilization of low-grade fuels as a relief from ever- 
mounting costs. 

Turning to water power, a similar condition is found. 
The first water-power developments were utilized to 
operate small industries and were, in general, more than 
sufficient to meet the needs. Efficiency under such con- 
ditions was of secondary consideration, the chief con- 
cern being to obtain power at the least cost. Therefore 
many of the older developments utilized only part of 
the available head, or the development was made in a 
number of steps using small, inefficient wheels. If 
these same sources were developed by modern methods, 
probably fifty or seventy-five per cent more power could 
be produced from the water. The time has passed when 
inefficient methods of water-power development can be 
tolerated, since even with the largest water powers the 
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time is approaching when they will not be sufficient to 
meet the needs of the community. 

Even Niagara Falls, with its seven million horsepower 
in the volume of water flowing from Lake Erie to Lake 
Ontario, is no longer considered an exhaustible supply. 
Where the first large projects use only about one 
hundred and forty feet of the total three hundred and 
twenty-seven feet head, the latest plant uses three 
hundred and five feet at, however, a considerably in- 
creased cost per horsepower. In about twenty years 
after the first large development at Niagara Falls 
serious power shortages have been experienced which 
are sharp reminders of the fact that the waters of the 
Falls must be used more efficiently in the future if it 
is to produce sufficient power to meet the needs of the 
rapidly growing industries. 

So it is all over the country, the problem of the 
hydraulic engineer is no longer one of producing a re- 
liable source of power from waterfalls, but one of how 
efficiently the water can be utilized. Present develop- 
ments must be made with a consideration for the future. 
Will the development that may be most economical to- 
day be the most efficient ten or twenty years hence? 
Little can be expected in the way of improvement in 
efficiency of turbines and generators; this has been 
made about as high as it is possible to go. It is in 
the method of making the development itself that the 
great opportunities for efficiency are presented; that 
is, to get the water to the turbine with the least loss 
of total head and to utilize the seasonal flow of the water 
to the best advantage. This demand has given the 
hydraulic engineer a new status, that of economist as 
well as engineer. 


Using the Steam Tables 


N EDITORIAL in last week’s Power showed how 
the slide rule could be of service to the operating 
engineer. The use of a slide rule is more or less a 
matter of individual preference since it is not essential 
to the solution of any problem, although it usually is a 
great time saver. On the other hand, a copy of the 
steam tables must be classed as a necessity if the 
engineer does much figuring of an engineering nature. 
He deals almost entirely with energy in one form or 
another. Of all the energy in the coal only a small per- 
centage is delivered at the switchboard. It is up to the 
engineer to keep the useful percentage as high as pos- 
sible. Of course he needs no steam tables to find the 
over-all performance of the plant. The pounds of coal 
consumed per kilowatt-hour show that at once. But, if 
that is all he knows, he is no better off than a business 
man would be if he knew only his profit or loss at the 
end of the month or year and had no detailed accounts 
to show him exactly what caused this profit or loss. 
Both the business man and the engineer must find out 
where preventable losses are taking place so that they 
can stop them. That is the only way to improve the 
over-all results. 

The output of the boilers and the input to the engines 
or turbines cannot be determined without the steam 
‘ables. In other words, the tables are necessary for 
figuring boiler efficiency and engine efficiency. They 
likewise are useful in finding the actual heat loss due 


‘to steam and hot-water leaks. From the tables, and 


also from special diagrams based on the tables, it is pos- 
sible to find the maximum amount of work that can be 
obtained from a pound of steam expanding from any 
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pressure and condition to any exhaust pressure. A com- 
parison of this with the amount of work obtained in the 
actual engine under the same conditions shows how 
nearly the engine approaches the ideal. 

Other applications are as follows: Finding the tem- 
perature of steam at any pressure and condition; figur- 
ing the size of pipe needed to carry a given steam flow 
under given conditions of pressure, superheat and 
velocity; the superheat produced by throttling, etc. 

These are only a few examples. The steam tables are 
like the multiplication table in that there is no end to 
their applications. Every engineer must make use of 
them if he would really understand what is going on in 
the apparatus under his control. 


Beware of This One 


UR old friend Ulram, of perpetual motion fame, has 

broken forth again and is selling stock at the same 
stand in Jersey City. It matters not that his machine 
does not run—all who are possessed of the necessary 
sporting instinct and requisite cash to exchange for 
stock will accept the invertor’s explanation of its inac- 
tivity. The capital is needed, he says, for the sole 
purpose of loading the machine with additional mercury 
and with the evident purpose of impressing prospective 
investors he talks of building a million horsepower ma- 
chine—but he must first, of course, gather in eighty 
million dollars for the purpose. 

It is encouraging, however, to note that the daily 
press is at last awakening to the serious menace of 
such schemes and has begun to sound a warning to 
the unsuspecting public. Says a reporter in the Globe 
and Commercial Advertiser: “I agreed with Mr. Ulram 
that if his machine ever got under ,way and tore itself 
loose it would be likely to wreck the building and to 
scatter destruction over a wide area. This is a very 
remote danger, however. The fact that Mr. Ulram’s 
company is selling stock is much more of a menace to 
the community, in my opinion.” 


Fire may be caused by almost anything from matches 
to the explosion of a still, except from some electrical 
source, with little chance of condemnation from the 
public. Whenever fires are of electrical origin or 
thought to be caused by the presence of electrical equip- 
ment, the apparatus is seriously censured as being dan- 
gerous. The fact is that the equipment is not to blame, 
but the carelessness of someone responsible for its in- 
stallation or use really causes the fire in most cases. 
As long as steam boilers are allowed to operate in im- 
proper condition, boiler explosions will continue to take 
their toll of life and property. So it is with electrical 
equipment; if it is not properly installed, maintained 
and protected, fires may result. However, we cannot 
justly condemn the use of steam boilers and electrical 
equipment simply because in some cases somebody 
chooses to make of it a hazaid to life and property instead 
of the benefit which they are to modern -civilization. 


Now is a good time for the engineer who is the 
proud possessor of an Orsat—whether it be of the 
latest vintage or one of the old museum specimens—to 
dig it out of the cupboard and put it in working shape. 
For the Orsat tells the engineer how much air is leak- 
ing through his boiler settings. What is more, it will 
come pretty close to telling him just where the leaks 
are, if he really wants to know. 


an 
. 
= 
4 
A 
- 
te 
Ne 


April 25, 1922 POWER 


PRACTICAL IDEAS 


Removing the Insulation from 


Armature-Coil Leads 


Wire with which small armatures are wound is so 
fine that the least nick in it is likely to cause mechanical 
weakness which will develop into an actual break when 
the armature is subjected to the vibrations incident to 
normal operation. In 
removing the insula- 
tion from the ends of 
the coil leads where 
they are to be con- 
nected to the com- 
mutator, if a knife is 
DEVICE FOR REMOVING INSULA- used, nicking of the 

TION FROM ARMATURE wire is an easy mat- 

COIL LEADS ter. Although this 

may not be noticed 

at the time, the nick may later be responsible for the 
armature failing on account of open circuited leads. 

Skinning of the leads may be safely and effectively 
accomplished by using sandpaper mounted on a small 
paddle as indicated in the figure. Two or three strokes 
of the sandpaper usually is sufficient to open the insula- 
tion on one side of the wire, so that it either falls oft 
or may be pushed off with the fingers without danger 
of injuring the wire. E. C. PARHAM. 

Brooklyn, N. Y. 


Sandpaper, 


Displaced Indicator Diagrams 


It is customary, when connecting up an indicator, to 
obtain the driving motion from the crosshead or some 
other point so that the drum travel is in phase with the 
piston travel. This gives the indicator drum its maxi- 
mum rotation when the crosshead is in mid-stroke and 
also traveling at its maximum rate. For ordinary con- 
ditions this is satisfactory. There are occasions, how- 
ever, where it is desired to study portions of the card 
occurring near the end of the piston stroke. Since the 
crankpin has considerable travel for a comparatively 
small piston travel when the piston is near dead center, 
the events are crowded together at the ends of the 
diagram and it is impossible to examine the end events 
with any satisfaction. For example, the explosion line 
on a gas engine, the compression line on a steam engine, 
the release line on a steam engine or the re-expansion 
line on a compressor cannot be studied in the usual in- 
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dicator diagram. These lines as drawn on an indicator 
diagram have a large vertical pencil motion and very 
little horizontal drum motion, although the time in- 
volved covers a considerable period. 

If the incicator drum motion is taken from a point 
90 deg. ahead of the crosshead or piston, we then ob- 
tain a maximum horizontal drum motion when the 
crosshead or piston is at the end of the stroke. This 
gives a maximum horizontal pencil motion at the same 
time that the large vertical movements are taking 
place, and this increased horizontal scale gives a much 
better method for studying the pressure changes occur- 


ring toward the end of the piston travel thananordinary — 


diagram does. 


Interesting information can be obtained by these 90- 
deg. diagrams, which information does not show up at © 


all on the ordinary diagrams. 


P. A. BAUMEISTER. 
Flushing, N. Y. 


Removing Gummy Oil from Crank Cases 


In crank cases or tanks from which oil is pumped 
through engines or other machinery, the oil sometimes 
becomes thick and gummy in the bottom, of the tank 
and will not run out through the drain cock. Since it 
is not advisable to use waste or wipers to remove this 
thick oil, on account of lint stopping up the strainer, 
which is usually of fine mesh, one method of draining is 
as follows: 

Drain off the oil that will readily run out and then 
pour considerable hot water into the case or tank and 
loosen the oil from the bottom with a stick, and the thick 
oil will float on top of the water. Then take paper of any 
kind and skim the oil off the top. The water can then 


be drained off in the usual way. A. P. GREEN. 
Helmetta, N. J. 


Rig for Raising Top Branch Pipe 
of Economizers 


It sometimes happens that gaskets blow out between 
the headers and top branch pipes of an economizer, as 
at G, which means the loosening up of all the bolts that 
connect the headers to the branch pipe, and then raising 
the branch pipe and blocking it up so as to clean away 
the old gasket. It usually requires two or three men 


with a bar and a block of wood for a fulcrum to raise 
the branch pipe. 
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The writer was once watching this work being done, 
when the bar slipped, and one of the men was injured. 
Before another job of this kind was started, the two 
rigs shown in the illustration were made. The 
bracket A is made of bar iron or light channel and has 
two pieces B riveted to it for feet. The clamp C is made 


JACK FOR RAISING AND HOLDING BRANCH PIPE, WHILE 
RENEWING JOINTS 


in two pieces, one bolt of which goes through the end 

of the bolt D, and a small bridge E is used as a bearing 

surface for the nut F. With this rig one man is able 

to raise the branch pipe and renew the points without 

assistance. F, J. GENTNER. 
Passaic, N. J. 


Compressor-Valve Cam Repair 


While I was in charge of an air compressor, a cam on 
the valve gear broke through the valve-stem hole. 
There being no spare cams in stock, it was necessary to 


SHOWS METHOD OF MAKING TEMPORARY REPAIR 


get the broken one repaired and back on the compressor 


_ 48 soon as possible. 


The pieces of the cam were chucked in a lathe, trued 
up by the valve-stem hole, and recessed on each side, as 
shown in the illustration. Two large washers were then 
bored out to a driving fit on the valve stem and held in 
line while drilling and riveting, by an arbor the size of 
the valve stem, After the riveting was done, the key- 
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way was cut in the washers to coincide with the keyway 
in the cam. 
The job has been running for several weeks and looks 
as if it would be good indefinitely. EARL PAGETT. 
Cherryvale, Kan. 


Need of Safety Valve on Receiving Tank 


A 750-sq.ft. horizontal return-tubular boiler supplies 
steam at 100 Ib. pressure for running a pair of steam 
elevators and for heating purposes in manufacturing 
processes. The condensate in the heating coils is 
trapped to a closed receiving tank and is thence pumped 
back to the boiler. The condensate that forms in the 
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RECEIVING TANK AND GENERAL ARRANGEMENT OF 
CONNECTIONS 


main steam pipe leading from the boiler is also trapped 
to the tank. The discharge pipe from this trap, how- 
ever, makes a separate connection with the receiving 
tank. The cold makeup water is admitted from an over- 
head reservoir, the quantity being controlled by hand 
regulation of a gate valve. 

The receiving tank in present use is a new one 
having been installed in the place of an older tank 
which, through negligence to provide a safety outlet, 
was ripped wide open by an excessive pressure that ha‘ 
built up in it. 

In the illustration is shown the original installation. 
When the apparatus was first put in service, it was 
found that a partial vacuum would sometimes form in 
the tank, due to the cold makeup water condensing the 
vapor arising from the hot condensate. This interfered 
with the operation of the feed pump, so the engineer 
fitted the tank with a vacuum breaker, consisting of two 
nipples and an elbow, with a swing check valve 
attached to open inward. But he neglected to provide a 
relief for any pressure that might build up higher than 
the tank could hold safely. Then, when someone opened 
the bypass on the trap that drained the main header, 
the steam soon built up a bursting pressure in the tank, 
and it gave way. A. J. DIXON. 

St, Louis, Mo. 
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Pressure and Temperature for Fuel Oil 


I noticed the inquiry of Mr. Herbert in the April 4 
issue, requesting information as to what pressure and 
temperature should be used for fuel oil. 

The best oil pressure to carry in the burning of 
fuel oil is one that will cause the oil to flow freely. The 
light oils usually do not need to be heated while the 
heavier oils all have to be heated so that they will flow 
freely with ordinary pressure. Light fuel oils have 
been operated at very low pressures and at pressures as 
high as 60 lb. per square inch. 

In my experience with fuel oil I find that a good pres- 
sure to run on is around 15 lb. This pressure gives as 
good results as a higher one. With the heavy fuel oil it 
is necessary to heat to a point close to vaporization tem- 
perature. I find, however, that with a temperature 
around 160 deg. F. heavy oils flow freely and can be 
operated at approximately 15 lb. pressure at the burner. 

To enable one to know whether he is carrying the 
right temperature on the oil, it is only necessary to 
install a recording thermometer on the oil line and to 
carry the temperature, when using heavy fuel oil, at 
about 160 deg. To raise the temperature any higher 
than this would not benefit the furnace condition, and a 
point would be reached where so much vapor would be 
formed that the oil pump would refuse to function, and 
if carried close to the flash point the danger from fire 
hazard is increased. A. J. HusTON. 

Irvington, N. J. 


Preheated Air to Boiler Furnaces 


The article by Emile Prat in the Feb. 28 issue of 
Power on the preheating of air to boiler furnaces is of 
much interest to me and is worthy of more than passing 
notice by all who are interested in the economical gen- 
eration of steam, as I believe in the working out of this 
scheme there are great possibilities ahead. 

My attention was first called to this question about 
1879, when I designed a simple but efficient smoke-pre- 
venting device. The construction of this device, with 
illustrations, was fully described in Power some ten 
years later. The device principally consisted of a steam- 
jet blower, the steam for which was superheated, in the 
uptake from which the preheated air was also taken, 
thus making use of otherwise waste products. The 
increase in evaporation was somewhat surprising, and 
from tests made we secured much better results than 
we had anticipated, the gain in economy being entirely 
due to the preheated air. 

Many years ago J. C. Hoadley made some elaborate 
tests with preheated air for the New England Manufac- 
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turers’ Association. These tests showed a net gain 
of about 12 per cent, and while this compares favorably 
with my earlier experience, the device used by Mr. 
Hoadley was not a commercial success because the pre- 
heated air was not introduced at the proper point. 

This subject has not yet received the attention its 
possibilities seem to merit. W. H. ODELL. 

Brooklyn, N. Y. 


Cleaning Fires Under a Hand-Fired Boiler 


The article in the Feb. 7 issue by W. E. Chandler on 

“Heavy and Light Firing,’ was read with much interest. 
What is considered a light and heavy fire, or a thick or 
thin fire? Does it not depend upon the boiler load, the 
kind of fuel burned and the draft? With the fire-tube 
boiler the natural draft is better than with the water- 
tube, because of the natural flow of the hot gases. 
. From my experience I find that when a boiler, is 
being forced to its full capacity, a thicker fire is required 
than when it is being run at lower ratings. With a thin 
fire too much air passes through the grates, and opening 
the firedoors too often lowers the furnace temperature. 
I am operating return-tubular boilers in a mill that re- 
quires a large amount of steam for heating and process 
work. For a certain process four vats, holding 580 
gallons of water each, are filled with cold water and then 
raised to the boiling point with live steam and main- 
tained at that temperature for about one hour. For this 
period of boiling, I generally start with a fire about five 
inches thick and full draft on the boiler, and as the 
temperature of the furnace rises, I increase the thick- 
ness of the fire, so when the peak load is passed, there 
is from seven to eight inches of fire over the grates. 
This is afterward burned down to a thickness to suit 
load conditions. 

The fires are usually cleaned at a time when the plant 
is using a small amount of steam, and my method of 
cleaning is as follows: I build a heavy fire on the right 
side of the grates, and after this burns brightly, shake 
all fine ashes from under this side. Then I take the 
slice bar and push all the live coal from the left side over 
to the right side of the grates. The dead ash and clinker 
is then shaken or removed from the left side and a hose 
is turned on the hot ashes under the grates. Now for 
laying the fresh fire, I have coal about egg-size with very 
little slack, and this is spread about four inches deep; 
then the live fire is pushed over on top of this green coal 
with the slice bar. In this way the coal ignites very 
readily and with little smoke from the stack, as the live 
fire is on the top of the green coal. The other side of 
the furnace is treated in the same way. 


Gloversville, N. Y. W. W. GILLETTE. 


ENTS 77027 ERS 
k 
| 
1. 
iS 
n | 
1e 
d 
: 
ve 
un 
ed 
ik, 


666 POWER 


Suggests Arrangement of Feed-Water 
Piping for Three Boilers 


In the article by W. H. Wakeman in the Feb. 21 
issue, on the arrangement of feed-water piping for 
three boilers, the angle valve R shown in Fig. 2, is in the 
reverse position to that allowed by the Massachusetts 
Boiler rules. With the valve installed in this position, 


= 
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FIG. 1. ORIGINAL FEED- 
WATER PIPING 


FIG. 2, PROPOSED FEED- 
WATER PIPING 


it is possible for the disc to become disconnected from 
the stem and close the opening through the valve, but 
if this valve was placed with the stem in a vertical 
position, this could not occur. 

With the reciprocating type of pump, the water or- 
dinarily comes in pulsations, and these changes of flow 
have a tendency to loosen valve parts. 

I would recommend that the column and gage-glass 
drips or blowoffs be piped to the ashpits and not to a 
separate drain as suggested by Mr. Wakeman, as a 
valve might leak badly and not be noticed, as in the case 
of a plant that had only one boiler and the drips were 
piped to a separate drain line; the disc went to pieces 
while being tried and the injector would not hold the 
water in the boiler, and before the fire could be pulled, 
the fusible plug had blown. Had the drip been piped to 
the ashpit, the trouble would have shown up immediately. 

New York, N. Y. C. W. PETERS. 


In the case of piping arrangement as in Fig. 2, how 
could the valve H be repaired with pressure on the main 
feed line and full load on the boilers? Also, how could 
a new disc be put in if this is a globe valve? While the 
gate valve is the proper thing, many use globes as they 
are cheaper. 

My plan to improve on the piping as shown in Fig. 1 
would be to place two gate valves at H and be sure one 
at least and preferably both are kept in first-class 
condition, 

In the piping to the water column I would place the 
unions between the valves and the column so that it 
could be taken off and repaired if necessary, I would 
also replace the tee at the bottom of the column with a 
cross for convenience in cleaning. 

In the case of low and high alarms there should be 
valves between the boiler and the column for emergen- 
cies. The steam gage might have a short connection 
and valve added to it for the convenience of attaching 
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the inspector’s gage. I believe this is required in New 
York State, and it appeals to me as a fine thing. 

As to the careless fireman he has no place in a power 
plant and is a direct menace to everybody concerned. But 
there are many places where the engineer and fireman 
are one and they are also required to do other work that 
takes their minds off the boiler for a time, and that is 
where the alarm column comes into play. 

It is advisable to have a suitable drip catcher for the 
try cocks to avoid the possibility of scalding when 
standing in front of them. This drip can be piped to 
some convenient place. 

With every point considered, the best way to avoid 
trouble and have efficient service is, in my opinion, to 
have intelligent men to take charge of the boilers and 
allow them to do nothing else. R. G. SUMMERS. 

Syracuse, N. Y. 


Why Did the Water Pass from 
One Boiler to Another? 


In the March 14 issue W. H. Wakeman describes a 
peculiar incident that happened to the water level of 
two boilers. It is probable that the rush of steam from 
one boiler to the other carried sufficient water with it to 
account for the action described. The steam-pipe con- 
nection, shown in the illustration, is such that the 
steam, in entering the steam space, is projected near the 
pipe opening. This results in much entrained moisture 
in the steam. 

When a boiler working at a fairly uniform rating is 
suddenly called upon to deliver a greater quantity of 
steam and the fire conditions are correspondingly im- 
proved, the water level is raised by the increase of steam 
bubbles in the water mass; this may cause the level of 
the water to approach so close to the steam-outlet pipe 


ELEVATION OF THE BOILERS 


that the steam, rushing toward the opening, carries 
large quantities of suspended moisture with it. The 
presence of grease or other foreign matter in the boiler 
tends to increase the surface tension of the water and 
under the condition stated will cause the water to foam. 
Priming can ordinarily be detected from the unusual 
surging of water in the gage glass, and in most cases 
can be checked by suddenly shutting the main stop valve 
of the priming boiler. This tends to increase the pres. 
sure and check the priming action. A. SMITH. 
Albany, N. Y. 
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Mechanical Stokers and Small 
Steam Plants 


The article by H. E. Osgood in the Feb. 15 issue sums 
up the advantages of mechanical stokers for small plants 
quite clearly. 

Our company has equipped several hundred small 
plants consisting of one or two boilers and ranging in 
size from 75 to 125 hp. each. In several cases tests have 
been run with the boiler hand-fired, previous to install- 
ing the stoker equipment, and similar tests were run 
under the same load conditions after the stoker equip- 
ment was installed. It was found that a saving of 20 
per cent in fuel as a general average was secured. With 
present high fuel costs this is quite an item. 

The point is often made that there is no saving in 
labor with stokers in a small plant, but experience has 
demonstrated in many cases—laundries for instance— 
where there is only one boiler, that the fireman could 
fill the coal hopper and leave the boiler, while he attended 
to other duties, and in some cases was able to replace 
another man. 

In certain instances, because of the ability of the 
stoker to carry overloads of as much as 100 per cent, an 
extra boiler was not needed. With forced draft also it 
has been found unnecessary to carry extra boilers on 
bank owing to the ability to pick up a heavy overload 
quickly. Stokers also tend to maintain steam pressure at 
a uniform point automatically and eliminate the smoke 
nuisance. In addition they have the ability in general 
to burn slack and poorer grades of coal that ordinarily 
cannot be successfully burned by hand-firing. 

I agree heartily with Mr. Osgood’s conclusion: “There 
can be no definite line drawn as to the size of the plant 
in which stokers would be of advantage; it is rather the 
question of results to be derived from stoker equipment 
in each individual case.” F. A. DE Boos. 

Detroit, Mich. 


Why Good Boilers Explode 


I was interested in the article, “Why Good Boilers 
Explode” in the Mar. 21 issue. Mr. Cassiday’s inves- 
tigation seems to have been thorough, and he must have 
given the matter considerable thought to reproduce in a 
minor way the Mechanicsville explosion. 

His theory may be absolutely correct with regard to 
this explosion, but if it is so, why don’t we have an 
accident of the same nature every Monday morning? I 
have charge of three return-tubular boilers that are let 
down every Saturday night and fired up again on Monday 
morning, and I have noticed that there is considerable 
vacuum in the boilers when they are first fired; so appar- 
ently we are duplicating the conditions obtained at 
Mechanicsville and have been doing it for years without 
experiencing any trouble. 

I recall, however, an experience I had several years 
ago, when running a steam locomotive. One Monday 
morning, I arrived at 6 o’clock. The fire had been out 
over Sunday and the watchman was supposed to start it 
Sunday night. When I stepped into the cab, there was 
120 lb. pressure on the gage. Upon trying the cocks, I 
found two gages of water, but also found the boiler was 
leaking all around the butt flanges. I looked in the fire- 
box and found that every tube and crown stay was leak- 
ing. But the engine could not be spared, so I ran it all 
day and at night I rolled the tubes and calked the stays. 
When I started my own fire the next day, everything 
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was all right. You may be sure I did a lot of thinking 
to find out what made this boiler leak. Finally, I ques- 
tioned the watchman as to what he had done, and he 
informed me that he had forgotten to start the fire until 
between 3 and 4 o’clock in the morning, and that he had 
used broken-up oil barrels ta hurry the fire along. 
Unequal expansions have caused many Monday morn- 
ing explosions, if the truth were known. Taking a 
cold boiler and bringing it up to normal steam pressure 
in one hour causes unequal expansion which produces 
severe strains on the joints and construction of the 
boiler. Therefore, we can never be too careful in apply- 
ing heat to a boiler as slowly as conditions will permit. 
Ludlow, Mass. A. H. FOBARE. 


Mr. Cassiday’s article is interesting and instructive, 
but near the end, when he gets to the main point of his 
explanation, he spoils it by a serious error. 

After showing how the Mechanicsville boiler was free 
from air and dirt particles on Monday morning and was 
fired up until the steam pressure was raised by surface 
evaporation, he says: “Finally, the mass of water 
attained a uniform molecular velocity equal to that 
velocity we designate as steam. The formation of this 
enormous mass of steam bubbles rose, struck the top 
shell with great force, and the shell gave way.” Accord- 
ing to this “explanation” every boiler should be ruptured 
by water hammer every time it is fired up, for does not 
the mass of water attain a fairly “uniform molecular 
velocity equal to that velocity we designate as steam”? 
As long as the temperature (and molecular velocity) is 
kept nearly uniform by the air bubbles or circulation of 
the water carrying the steam to the steam space, the 
boiler is safe. It takes energy to hurl the water upward, 
and where is there any energy that can do this except in 
the excess temperature of the water near the heating 
surfaces? 

The temperature of the water close to the heating sur- 
face is much higher than that of the water adjacent to’ 
the steam space, and it is this excess heat that “ex- 
plodes” the water into steam in much the same way that 
liquid air is used in place of dynamite. Of course water 
is never absolutely pure, so it is only a question of the 
size of air or gas bubbles. In ordinary water the 
bubbles, although microscopic, are large proportionally 
and it takes only a few seconds for them to form large 
enough to rise to the steam space; but when the water 
is exceptionally pure, the bubbles are immeasurably 
smaller. Therefore it takes longer for them to form 
large enough to rise, but when once started, they en- 
large so rapidly that before they reach the surface of 
the water they are of such size that they lift tha water 
above them with great force. 

Supposing that Mr. Cassiday’s theory of the Mechanics- 
ville boiler explosion is correct, it might be interesting 
to note that had the purity of the water been still 
greater there probably would have been no explosion 
because the formation of steam would have been delayed 
until the hot water had formed a wedge through the 
cooler water above it to the surface, which would allow 
the hotter water to rise, dissipating its pent-up heat 
energy by surface evaporation only. In this case the 
only danger would be that steam might be produced 
faster than the safety valve could release it. This would 
result in an increase of pressure in the boiler which 
would automatically retard the steam production by 
increasing the temperature of the steam. 

New Orleans, La. FRED BOONE. 
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Blowing Off Not Dependable for Keeping 
Boiler Clean 


While burning waste paper in the furnace of a 
return-tubular boiler that had been installed for about 
six weeks, a bad bag was noticed in the bottom of 
the shell close to the front end. The question arises 
whether the boiler had been properly blown down as 
required every 8 hours, or whether the place where the 
bag formed was too remote from the blowoff to keep 
that part of the boiler free from scale by blowing off. 

M. W. 

Bagging resulted from not cleaning the boiler often 
enough. No general rule can be laid down for the 
length of time that should intervene between the clean- 
ings, because with a scale-bearing feed water, the scale 
forms faster from forcing the boiler than from more 
moderate use, and with some feed waters the scale 
forms faster than with others. A boiler attendant must 
learn for himself, by frequent inspection, how often his 
boiler may need cleaning to avoid deposits of scale or 
oil, as bagging may be caused by the least accumulation 
of oil or of thin hard scale that cannot be removed by 


blowing off the boiler. 


Changing No-Voltage Release Coil 
on a Compensator 


If a 440-volt compensator used for starting an induc- 
tion motor is changed to operate on 220 volts what 
changes are necessary to make in the no-voltage release 
coil to have it operate satisfactorily on the lower volt- 
age? The 440-volt coil is wound with one pound of No. 
26 double-cotton-covered wire. M. R. A. 

The problem is to maintain the same magnetic density 
in the coil’s core at the lower voltage as obtained at the 
higher. Since the voltage is cut in half, rewinding the 
coil with the same weight of wire, but double the size 
of the original, will give the desired results. There was 
1 lb. of No. 26 double-cotton-covered on the 440-volt 
coil, and rewinding the coil with 1 lb. of No. 23 double- 
cotton-covered wire will meet the requirements. This 
coil will have about one-half the number of turns as the 
440-volt coil, but the current will be doubled, therefore 
the ampere-turns will be the same in both cases, and 
consequently the magnetic conditions are the same. The 
220-volt coil will release at approximately the same per- 
centage of voltage as the 440-volt coil. If the 440-volt 
coil released at 50 per cent volts, or 220, the 220-volt 
coil will release at 50 per cent of 220, or 110 volts. The 
foregoing is based on the assumption that the frequency 
is the same in both cases. An increase in frequency is 
equivalent to a decrease in volts, and a decrease in fre- 
quency has a similar effect to an increase in voltage. 


Greater Speed of Crosshead During 
Head End of Stroke 


Where ABCD in the figure is the circle described by 
the crankpin of an engine, EF — AD the stroke of the 
crosshead pin, and GB or HC the length of the con- 
necting rod, and the arc AB is equal to the are CD, why 
will the crosshead pin move farther and faster while the 
crankpin passes from A to B than in passing from 
C to D? C.S. F. 

If the arc AB is equal to the arc CD, and perpen- 
diculars BJ and CK are dropped upon EAD, the line of 
the stroke, then AJ will be equal to KD. With G and H 
as centers, and radius equal to the length’ of the con- 
necting rod, describe arcs BM and CN meeting AD at 
Mand N. Then AM will be equal to EG, the length of 
the stroke accomplished while the crankpin passes 


Positions of crosshead \ 


| pin circle / 


through the arc AB; and ND will equal HF, the length 
of stroke accomplished while the crankpin passes 
through the same length of arc CD. 

As the distances GM and HN are equal to the length 
of the connecting rod the point M falls to the right of 
J, and the point N falls to the right of K, showing that 
ND, which is the length of stroke accomplished while 
the crankpin passes from C to D is less than KD or the 
equal distance AJ. But AJ is less than AM or EG and 
therefore ND or the equal distance HF, must be less 
than AM or the equal distance EG, which is the move- 
ment of the crosshead accomplished while the crankpin 
passes through the arc AB. 

Assuming that the speed of rotation is uniform, the 
same time will be required for the crank to pass over 
the arcs AB and CD, and as EG is greater than HF the 
crosshead will also travel faster as well as farther while 
the crank passes from A to B than when it passes from 
C to D. 

From the foregoing it is to be noted that, due to the 
angularity of the connecting rod, on the outstroke, the 
piston and crosshead always move farther ahead than a 
perpendicular dropped from the center of the crankpin 
is removed from A toward D; and on the return stroke, 
the piston and crosshead move less than the perpendicu- 
lar is removed from D toward A. 
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Apparent and Real Cutoff 
In operation of a steam engine what is meant by 
“apparent” cutoff and “real” cutoff? J.D. H. 


Cutoff is the event during the stroke when the steam- 
admission valve has just closed, preventing further 
admission of steam, and the fraction of stroke that is 
completed at the time cutoff occurs is called the “ap- 
parent” cutoff. 

During the remainder of the stroke the piston re- 
ceives the expansive force of the volume of steam in the 
clearance space plus the volume contained in the space 
swept by the piston from the beginning of the stroke 
to the point of cutoff, and the “real” cutoff is the ratio 
of the sum of these volumes to the volume swept by a 
complete stroke of the piston plus the volume of the 
clearance. Hence, to find the real cutoff, add the clear- 
ance, expressed as a percentage of the volume swept by 
a complete stroke of the piston to the apparent cutoff 
expressed as a percentage, multiply the sum by 100, and 
divide the product by 100 plus the clearance percentage. 


‘Centennial Rating”’ of Boilers 


In boiler practice what is meant by “Centennial 
Rating?” A. 

The committee of judges in charge of the boiler 
trials at the Centennial Exposition at Philadelphia in 
1876, in reporting the trials of competing boilers, 
adopted as the unit of evaporation capacity, 30 lb. of 
water evaporated into dry steam per hour from feed 
water at 100 deg. F. and under pressure of 70 lb. per 
sq.in. above the atmosphere, for designation of a 
“boiler horsepower” of capacity, those conditions being 
considered by them to represent fairly average practice 
of evaporative conditions and engine economy of that 
period. A boiler unit so defined is really a measure of 
the amount of heat transmitted that is substantially 
equivalent to evaporation of 34.5 lb. of water from and 
at 212 deg. F. or absorption of 33,479 B.t.u. per hour. 
But there is no definite relationship between boiler 
output and engine or turbine economy, as the steam 
required per horsepower-hour depends on the excellence 
of design of the prime mover as well as upon the 
pressure and degree of saturation of superheating of 
the steam and the back pressure. Hence, in modern 
engineering practice the term “boiler horsepower” 
is rapidly coming to be abandoned with. reference to 
boiler size or evaporative capacity, both from confusion 
of the term with actual development of power and also 
from the fact that boilers of given size are limited in 
evaporative capacity only by the extent to which they 
may be forced. 


Types of Riveted Joints 


What are the principal kinds of riveted joints used 
in construction of the shells of fire tube boilers? 
W. L. G. 


The principal types of joints and their designations 
are shown in Figs. 1 to 15. In each instance the length 
of a repeating section is indicated by the dimension p. 

The lap joints, Figs. 1 to 8, are the simplest forms. 
The welt-plate joints, Figs. 4 to 6, are a form of seam 
intended to diminish the destructive bending tendency 
in lap joints by reinforcement of a cover plate, but the 
tendency to distort is not eliminated as the joint is not 
&@ symmetrical one. These joints former'y were much 
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used on boilers of locomotives but have been largely 
superseded by butt joints. 

In the butt joints, Figs. 7 to 15, the plates to be 
joined lie in line with one another and there is little 


Fig. 1 Fig. 2 Fig. 3 


FIGS. 1 TO 3. LAP JOINTS 


Fig. 1—Single-riveted. Fig. 2—Double-riveted. Fig. 3—Tri- 
ple-riveted. 


or no tendency to distortion of the riveted joint and 
some form of cover plate or butt strap is used to com- 
plete the joint. Hence this type of joint may be de- 


Fig. 4 Fig. 5 Fig. 6 


FIGS. 4 TO 6. WELT-PLATE JOINTS 
Figs. 4 and 5—Single-riveted. Fig. 6—Double-riveted. 


signed of the highest reliability and efficiency. The butt 
joints, Figs. 7 to 9, are sometimes called double-shear 
joints, because all rivets are in double shear. The 


Fig. 7 Fig. 8 Fig. 9 


FIGS. 7 TO 9. DOUBLE-SHEAR BUTT JOINTS 


Fig. 7—Single-riveted butt joint with cover plates of equal 
width. Fig. 8—Double-riveted butt joint with cover plates of 
equal width. Fig. 9—Triple-riveted butt joint with scalloped 
outside cover plate. 


scalloped edges of the outside cover plate shown in 
Fig. 9 are of that form to obtain short enough reaches 
between the rivets for calking the edges of the cover 
plate. 

Ordinarily, butt joints are provided with cover plates 


Fig. 10 Fig. 11 


Fig. 13 


FIGS. 10 TO 15. BUTT JOINTS WITH COVER PLATES 
OF UNEQUAL WIDTH 


Figs. 10 and 11—Double-riveted. Figs. 12 and 13—Triple-riv- 
eted. Figs. 14 and 15—Quadruple-riveted. 


of unequal width as shown in Figs. 10 to 15, the outside 
plate being narrower to obtain short enough reaches 
between rivets for a straight calking edge. 
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New York Engineers Discuss 
Muscle Shoals 


Muscle Shoals, as an engineering problem, was discussed 
at a joint meeting of the New York Section of the A. S. M. E. 
and A. I. E. E. at the Engineering Societies Building on the 
evening of April 14. The speakers had been selected with 
an idea of representing the viewpoints of several interests 
concerned in the proposition. Major-General Williams, 
Chief of Ordnance, viewed the matter as an ordnance 
problem; Brigadier-General Taylor told of the flow con- 
ditions on the Tennessee River at Muscle Shoals and of the 
construction work carried on by the army engineers; W. S. 
Landis, chief technologist of the American Cyanamid Com- 
pany, set forth the situation as viewed by the commercial 
chemical companies; and F. E. Frothingham gave the view- 
point of the banker dealing in public utilities, making a 
special plea for the offer of the Alabama Power Company. 

“Unless we are willing to allow the country to return to 
a condition of practically complete military incompetency,” 
said General Williams, “we must strive for adequate re- 
serves of munitions during peace times. The World war 
showed that with equal starts, new soldiers can be developed 
and delivered to the fighting front at least twelve months 
ahead of new munition. The reserve munitions must meet 
this twelve months’ supply.” 

Taking the steel industry as an example, General Wil- 
liams pointed out that commercial demand during times of 
peace keeps up the manufacture of steel so that when war 
came upon us we did not have to worry about our capacity 
for producing steel. He would like to see a similar condition 
brought about in the nitrate industry. He then viewed 
briefly the processes employed at Nitrate Plant No. 2. 

General Taylor reviewed the surveys of the Tennessee 
River that had been made by army engineers over a period 
of fifty years. These showed that over 86,000 hp. would be 
available at the Wilson Dam 99.5 per cent of the time, 141,- 
000 hp. for 83 per cent of the time, 306,000 hp. for 50 per 
cent of the time and over 600,000 hp. for 21 per cent of the 
time. Considering all the possible developments on the 
Tennessee River, there would be available a maximum of 
about 2,000,000 hp. The general then gave some figures on 
the Wilson Dam, which is 4,500 feet in length. To date, over 
$16,000,000 has been expended on it, and it is about one-third 
complete. Owing to the high labor and material costs, how- 
ever, also to the necessary preliminary work in getting the 
construction camp in readiness, he did not believe that the 
remaining work would cost as much proportionately. 

Mr. Landis was inclined to discourage the commercial use 
of the nitrate plants, which he characterized as an attempt 
to set up destructive Government competition with private 
industry. The Muscle Shoals cyanamid plant, he said, 
exceeds the present consumption in this country. The plant 
is not equipped to convert nitrates into a fertilizer material 
and would require extensive additions for that purpose. It 
would be necessary to mix the cyanamid with ammonia 
sulphate, but such an ammonia sulphate plant could not 
compete with the by-product coke ovens, which are now 
turning out about 55 per cent of all the coke in this country. 

Stating frankly that his firm is interested in the bonds of 
the Alabama Power Company, Mr. Frothingham argued 
that it is the Government’s chief concern to render the water 
of the Tennessee useful to the greatest number of people. 
He did not believe that our system of Government can be 
trusted with the operation of public utilities, and on the 
other hand was of the opinion that Mr. Ford’s offer if 
accepted would violate the laws of the Federal Power bill. 
The licensee, he stated, should be one who is most ex- 
perienced in the production of power and nitrates and the 
specifications for all the bidders should be alike. The 
Alabama Power Company, owing to its large interconnecting 
system, supplying mills and industries in the South, is the 
best fitted in his opinion to develop the power at the 
Wilson Dam. 

One of the most interesting features of the evening was 
a reel of motion pictures showing Nitrate Plant No. 2 in 
actual operation, making nitrates shortly after the signing 
cf the armistice. 
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Governor Sizes Up New York’s 
Water-Power Possibilities 


In a recent statement on the accomplishments of his 
administration, Governor Miller of New York State reviewed 
the efforts that have been made toward a proper utilization 
of New York’s water-power resources and. discussed the 
possibilities of the future. He had reference particularly, of 
course, to the two Robinson water-power bills, which were 
recently passed by the legislature and signed by him, as 
previously noted in Power. The part of his statement that 


dealt with water-power development and similar matters 
was as follows: 


For twenty years water-power development has been 
talked about without even the formulation of a constructive 
measure. State development has been advocated for 
campaign purposes without any knowledge of the enormous 
cost to the state to acquire the private property and rights 
needed for any comprehensive plan of development, to say 
nothing of the hundreds of millions required for actual 
development and distribution of power. 

A comprehensive measure was enacted last year and 
improved this year under which, it is hoped, private capital 
may be encouraged to embark in this undertaking under 
conditions which will safeguard the public interests and 
protect consumers. Companies to whom franchises have 
been granted in the past have been brought under the 
regulatory powers of the state. 

There is a possibility of developing something under a 
million horsepower on the American side of the international 
boundary of the St. Lawrence. This involves national and 
international complications and is affected by the agitation 
for the St. Lawrence ship canal. 

Power has already been developed from all the water that 
can now be diverted from Niagara Falls under the treaty— 
20,000 cu.ft. per sec. Any further development will depend 
upon treaty changes permitting greater diversion except 
that there are various plans for the development of power 
below the Falls. : 

There is a possibility of developing 1,000,000 hp. on in- 
terior streams provided the maximum development of each 
watershed can be accomplished. This is commercially 
feasible if the maximum use of the power through its 
general distribution can be secured. There are no national 
or international complications to delay the development of 
this power except possibly as it may be affected by the 
Federal water-power act, which in terms is applicable to all 
navigable streams. My hope is that while we are waiting 
for the removal of the difficulties that now delay the 
development on the St. Lawrence and the Niagara, we may 
stimulate the development of the interior streams. A 
foundation has at least been laid, and it now remains to be 
seen whether private capital will enter the field under the 
conditions imposed to protect the public. 

Meanwhile, under a measure enacted at this session, the 
state itself will proceed in the development of the surplus 
waters of the canal. 

Both measures were opposed by private power interests 
and by demagogues. That tends to confirm my belief based 
on the intrinsic merit of the bills that the legislature has 
acted in both cases in the interests of the public. 


Let Canada Develop St. Lawrence, 
Says Senator Calder 


Senator Calder of New York recently made a strong 
attack upon the Great Lakes-St. Lawrence River canal proj- 
ect, in which a hydroelectric development of 1,450,000 hp. 
is involved, saying that it would be very much more 
valuable to Canada than to the United States and that its 
development by this country would be “a fundamental in- 
justice” to American rights. 

“The Mississippi River, the Illinois River and the drainage 
canal,” he said, “present the possibilities of a through 
route from New Orleans to Chicago and the Great Lakes, 
and the New York barge canal, a route to New York. The 
proper development of either one—the proper utilization of 
either one—would in time inevitably compel the construc- 
tion of the St. Lawrence waterways project by the 
Canadians themselves if the plan possesses the merits its 
proponents claim for it.” 
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Canadian Water Power 


Since the publication of an article entitled “Canada 
Added Twelve Per Cent to its Water Power in 1921,” on 
page 545 of Power for April 4, some additional data have 
been received from the same source—the Dominion Water 
Power Branch of the Canadian Department of the Interior 
—and so some of the new figures are given here as being 
of further interest. 

Estimates of Canadian water-power development as com- 
pared with population indicate that at the present time 
there is an average of 315 hp. per thousand of population, 
a figure that places Canada second only to Norway in the 
per capita utilization of water power among the countries 
of the world. This is a considerable increase from the 
corresponding figure for 1920, which was 280, as given in 
the previous article in Power. 

The total installed waterwheel capacity of the Dominion 
is now placed at 2,763,000 hp., of which the greatest 
amount, 2,013,000 hp., is in central stations, 476,000 in pulp 
and paper mills, and 274,000 hp. in all other industries. 
Ninety-one per cent of the central stations’ installed capac- 
ity is in waterwheels, representing an investment in hydro- 
electric plants and systems of $437,000,000. Of the total 
water-power installation in the central-station industry, 
1,449,000 hp. is in commercial or privately owned stations, 
while 564,000 hp. is in municipal or publicly owned stations. 
The average capacity of the central-station turbines is 
7,137 hp., while the average capacity of turbines in industry 
is 3,077 hp. 

A survey of water-power plants scattered from coast to 
coast indicates that the turbine installation is generally 
about 30 per cent greater than the six months’ flow maxi- 
mum power. Applying this ratio to the most recent esti- 
mate of the total amount of six months’ power available in 
the Dominion, 32,076,000 hp., it may be seen that the pres- 
ent recorded water-power resources of Canada should allow 
of a turbine installation of 41,700,000 hp. The present 
total of installed power is 2,763,000 hp., which is therefore 
only 6.6 per cent of the possible development. 

It will be noticed that the pulp and paper industry uses 
a great deal more power than all the other industries com- 
bined except the central stations. Throughout the Do- 
minion 113 mills, operated by water power, are engaged in 
the manufacture of pulp and paper, using a total of 637,- 
000 hp., of which 476,000 hp. is actually installed and 161,- 
000 hp. is purchased from hydro-electric central stations. 


Smoke Problem To Be Studied 


The Bureau of Mines has entered into a co-operative 
agreement with the city of Grafton, W. Va., to make a study 
of the smoke problem of that city. A few years ago the 
Bureau made an elaborate study of the smoke problem of 
Salt Lake City, a report on which was published in Power. 
Dr. O. P. Hood, chief mechanical engineer of the Bureau, in 
announcing the Grafton study, points out that the problem 
in this city is different from that of Salt Lake, in that the 
West Virginia city is a small town of 10,000 inhabitants, but 
with industrial ambitions and a desire to offer to new in- 
dustries satisfactory living conditions as well as other 
physical advantages. “The problem is just as real, although 
on a smaller scale than we find in larger cities,” said Dr. 
Hood. “In fact, it is much better to have a constructive 
program for smoke abatement in the early days of the 
development of an industrial city than it is to wait until 
its interests, industrial and residential, become too crys- 
talized or well established to invoke drastic changes.” 

Dr. Hood is chairman of a committee on standard smoke 
ordinances for cities, appointed by the American Society 
of Mechanical Engineers. He is negotiating for an early 
meeting of the committee either in Washington or New York. 
The other members of the committee are: Osborn Monnett 
and Henry Kreisinger, of the American Society of Mechani- 
cal Engineers; P. J. Dougherty, of the American Society of 
Heating and Ventilating Engineers; Lloyd R. Stowe of the 
Stoker Manufacturers’ Association and E. L. Millard of the 
American Civic Asscciation. 
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More Jobs Open Now 


There are now fewer men out of work in the engineering 
profession than in 1921, and there are more positions open 
to them, according to the employment bureau of the Feder- 
ated American Engineering Societies. It is reported by the 
bureau that, although many of the positions available are 
in the so-called junior grades, including draftsmen, estima- 
tors and similar jobs, there has been a noticeable increase in 
the number of openings for higher-grade positions. The 
latter kind of opportunity is said to have been practically 
unheard of at the same time last year, and the fact that 
such openings are developing now is taken as a promising 
indication of an early return to normal conditions. 

In support of these conclusions, the bureau points out that 
during the first quarter of this year 778 available positions 
were listed, as against only 347 in the same period of 1921, 
an increase of 124 per cent. The number of men given 
positions this year was 415, against 293 in the corresponding 
period of last year, representing a rise of 41 per cent. On 
the other hand, only 421 men registered this year, while 552 
registered in the same time last year—a decrease of 24 
per cent. 

About 3,000 applications for work are now on file at the 
Unemployment Service. This number has not increased 
during the lust month, as it had during previous months, 
and this is considered an encouraging feature. 

The bureau reports an interesting result of the recent 
strained employment situation, in the fact that engineers 
have in many cases left their traditional field and started 
work in other lines of activity, such as banking, insurance, 
real-estate management, and general executive work. In 
the opinion of the bureau, business men are coming to realize 
that the engineer is not a narrow specialist, but is a trained 
man capable of handling a non-technical position with 
success. 

A volunteer committee of engineers to aid in finding jobs 
for members of the profession has been increased to thirty- 
five members working in the metropolitan district. Similar 
committees are at work in other cities of the country. 

Although the headquarters of the Federated American 
Engineering Societies are at Washington, the activities of 
the employment bureau are centered in New York City, in 
the Engineering Societies’ Building, at 29 West 39th St., 
where the four Founder Societies and other engineering or- 
ganizations have their headquarters. 
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News in the Field of Power 


Welding Society to Work for Code 
at Annual Meeting 


The working out of standardized 
specifications for the making and test- 
ing of welds is to be the principal ob- 
ject of the annual meeting of the 
American Welding Society, which will 
be held April 26-29 in the Engineering 
Societies Building, New York City. 

According to the Society, tank manu- 
facturers are in great need of two sets 
of specifications: One as to the ma- 
terials and technique of welding 
necessary for satisfactory and consis- 
tent results, and the other for tests 
that will prove conclusively the sound- 
ness of the weld. To gather together 
information on which such specifica- 
tions could be prepared will be the 
particular object of a conference on 
pressure-vessel welding, which is to be 
held on the morning of Wednesday, 
April 26, the first day of the annual 
meeting. In the afternoon there will 
be meetings of the Welding Wire Speci- 
fications Committee and of the Resis- 
tance Welding Committee, and the 
evening will bring relaxation at a Beef- 
steak party at Reisenweber’s. 

Thursday morning the business meet- 
ing will be held, followed by afternoon 
meetings of the Board of Directors and 
of the Committee on Specifications for 
Steel to be: Welded, and in the evening 
the: techriical session will be held, at 
which A? S. Kinsey will speak on “Weld- 
ing of ;Heavy Copper Plate” J. H. Nead 
and R. L. Kenyon on “Electric Welding 
of Dredge Pipes,” and J. H. Deppeler on 


“Fhermit--Welding.” Friday -morning- 


the Electric-Arc Welding Committee 
and the ‘Gas’ Welding Committee will 
meet, and the~afternoon. will: be given 
over to: the American Bureau of 
Welding. } 

On Saturday morning there will be 
meetings of the Committee on Train- 
ing of Operators and of the Committee 
on of Storage Tanks. 


Trade Associations Upheld 


. Trade association practices that’ come 
under any suspicion whatever are such 
a small percentage of the benefits re- 
sulting from the work of these organi- 
zations that there is no excuse for the 
continuance of questionable activities. 
This point was brought out strongly at 
the Trade Association Conference held 
at the Department of Commerce April 
12. It was shown further that only 
seventy out of 3,000 organizations can 
be classed as out-and-out open-price 
associations. Even among the latter, 
the opinion was expressed that 90 per 
cent of the benefits to members come 
from other activities. One of the con- 
clusions that may be drawn from the 
meeting is that the value of open price 
data has been exaggerated greatly. 


While it was brought out clearly at 
the meeting that the legality of open 
price statistics has not been passed 
upon, and that associations doing such 
work cannot be denounced as law break- 


No Demand for the Coal 
That Is Being Mined 


Consumers have lost interest in 
the coal strike—and have stopped - 
buying. It is strange, indéed, ° 
that with a strike in progress, 
and with the prospect of a coal 
shortage not far away, the few 
mines that are able to maintain 
production with non-union men 
have not enough orders to justify 
the full possible output. 

The reason for this lack of de- 
mand is the expectation of lower 
prices through a reduction of 15 
or 20 per cent in freight rates on 
coal and through a reduction in 
the mine price as a result of 
lower wages, assuming a settle- 
ment of the strike on that basis. 

Present stocks are large, but 
they will not last forever. Con- 
sumption now exceeds production 
by about 5,000,000 tons a week. 
Indications of an early settle- 
ment of the strike are lacking. 

The question for each con- 
sumer to decide, therefore, is: 
-How long a chance can he take 
on running short of coal, paying 
-exorbitant prices or shutting 
down for a time, in order to save 
the difference between the 
present price and the somewhat 
lower price that may result if 
everything comes out right before 
his supply gives out? 


ers, particularly when their figures are 
made public, yet it was made perfectly 
plain that the Department of Com- 
merce will not co-operate with them. 


To Burn Powdered Coal 


Pulverized coal has been decided upon 
by the Tennessee Coal, Iron ana nau- 
road Co. for its new boiler installation 
at Ensley, Ala., consisting of five 8,340- 
sq.ft. Stirling boilers designed to oper- 
ate at 200 per cent of rating. ‘rhe 
pulverizing equipment, which is to be 
supplied by the Fuller Engineering Co., 
of Allentown, Pa., consists of the 
following: An indirect-fired rotary coal 
dryer, using blast furnace gas as a 
fuel; two  gear-driven  screen-type 
pulverizer mills, direct-connected to 
motors; a transport system of the 
Fuller-Kinyon type, to carry the pul- 
verized fuel about 600 ft. from the 
pulverizing plant to the boilers; 25 
feeders; and 25 vertical burners. 


Ford Tying Up Money Reform 
with Muscle Shoals 


For some time it has been known that 
Henry Ford, together with his friend 
Thomas Edison, have held radical ideas 
about currency reform, having pro- 
posed the abolition of the gold stand- 
ard and the substitution for it of cur- 
rency founded on all kinds of property. 


‘While no mention of such ideas was 
-contained in the Ford offer for the de- 


velopment of the Muscle Shoals project, 
published statements from Mr. Ford 
from time to time have indicated that 
he .would put such a plan into effect if 


‘given control of the property. His 


intention of doing that was given 
further publicity recently through a 
speech made by his personal secretary, 
Ernest G. Leibold, before the Kiwanis 
Club in Detroit, in which ae state- 
ments appear: 


The world has reached a 
gold can no longer function as an inter- 
national medium of exchange. It is a 
system whereby future generations pay 
for the folly of their fathers. 

Mr. Ford proposes to complete the 
Muscle Shoals project at a cost which 
is estimated at $30,000,000. Instead of 
raising this sum by a bond issue, it is 
proposed for the Government to author- 
ize an issue of Muscle Shoals currency 
for the estimated cost of $30,000,000, 
which will be paid to the workers for 
their labor, just like any other cur- 
rency, without taxing the public. 


Up Goes the Tariff 


The Senate committee that has been 
making changes in the Tariff Bill as 
passed by the House, has raised the 
rates on a number of materials used in 
power plants and in power plant ma- 
chinery. The House rate of 15 per 
cent ad valorem on steam engines and 
locomotives was raised to 20 per cent, 
while machines in general were given 
a rate of 30 per cent ad valorem, 5 per 
cent less than the House provided. 
Carbons and electrodes for arc lights, 
motor brushes and similar electrical 
uses were raised from 35 per cent to 
45 per cent ad valorem. The rate on 
scientific and laboratory instruments 
was raised from 40 per cent to 55 per 
cent ad valorem. Electrical insulators 
will bear a tariff of 50 per cent ad 
valorem instead of the House rate of 
30 per cent. Paper and mill board, 
used for making gaskets and similar 
articles, will take a rate of 8c. per Ib. 
when composed of long fiber asbestos, 
and a rate of lic. per lb. when com- 
posed of other asbestos fibers. Sheets 
and plates of asbestos and hydraulic 
cement are made dutiable at from lec. 
to 34c. per sq.ft, according to the 
shape and thickness. Asbestos wick 
and rope are given a rate of 18c. per 
Ib., and other asbestos products are 
given many different rates according 
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to the composition. Graphite or plum- 
hago, both crude and refined, was given 
these rates: amorphous, 10 per cent ad 
valorem; crystalline lump, chip or dust, 
20 per cent ad valorem; crystalline 
flake, 2c. per pound. 


New York O. K.’s National 
Board’s Boiler Stamp 


New York has joined the list of states 
that have agreed to accept boilers bear- 
ing the stamp of the National Board 
of Boiler and Pressure Vessel Inspec- 
tors on the same basis with boilers in- 
spected by their own officials. 

The decision became effective April 
7, and the gist of it was in these words: 
“I. do hereby order and direct that 
the requirements of the National Board 
of Boiler and Pressure Vessel Inspec- 
tors be and the same hereby are ac- 
cepted as the equivalent of a State 
Standard Code within the meaning of 
the New York Code, and the official 
stamp of such National Board is here- 
by accepted as evidence that any boiler 
so stamped is the equivalent of a New 
York State Standard Boiler.” 

Boilers built in other states than New 
York, therefore, if duly inspected, ap- 
proved and stamped by an inspector 
holding a certificate of the National 
Board, will now be accepted in New 
York State as standard A.S.M.E. code 
boilers. 


Chance to Join Patent Office 


Now is a good time to get a position 
in the United States Patent Office, ac- 
cording to the Civil Service Commission, 
which reports a shortage of eligibles for 
the position of assistant examiner. The 
salary at the start is $1,500 a year, 
plus the bonus of $20 a month allowed 
by Congress, and promotion on merit is 
possible to positions paying from $1,650 
to $3,900 a year. There is a wide choice 
of subjects, covering chemistry and 
mechanical, civil and electrical engi- 
neering. Examinations will be held 
May 10, 11 and 12, and June 21, 22 and 
23, throughout the United States. In- 
formation and blanks may be obtained 
from the United States Civil Service 
Commission at Washington, D. C., or 
from the Civil Service Board at the 
post office or custom house in any city. 


12,500-Hp. Plant for Brown’s Falls 


The Northern New York Utilities, 
Ine., is now going ahead actively with 
its plans for the building of a dam 
and power house at Brown’s Falls, N. 
Y., on the Oswegatchie River, for the 
development of approximately 12,500 
hp. It is planned to build a concrete 
dam 70 ft. high, with 7,000 ft. of pen- 
stock, which will make available a work- 
ing head of 300 ft. 

The company’s consulting engineer, 
J. P. Brownell, with offices in the Strick- 
land Building in Carthage, N. Y., has 
been examining bids for the construc- 
tion of the dam, the penstock and the 
power house, and for the furnishing of 
the waterwheels and generators. 
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License Granted for Big Southern 
California Hydro Plant 


A license under the Federal Power 
Act has been granted to the Southern 
California Edison Co. covering its thir- 
teen million dollar project on the San 
svoaquin River in Fresno and Madera 
Counties, California. The primary 
power available is 112,000 hp. The 
projected works include a concrete arch 
dam 100 ft. high and a tunnel 21 ft. 
square and 28,000 ft. long. The power 
house will contain six turbines, which 
will operate with a mean static head of 
825 ft. They will be capable of de- 
veloping 195,000 hp. There will be two 
parallel 220,000-volt transmission lines, 
one and one-half miles long, which will 
connect the power house with the double 
transmission line to Los Angeles. 

A license has been granted also to 
the Portland Railway, Light and Power 
Co., of Portland, Ore., for a power de- 
velopment on the Clackamas River, Oak 
Grove and Three Link Creeks, in Clack- 
amas County, Oregon. There is to be 
a diversion dam on Oak Grove Creek; 
a conduit 84 miles long; a 20,000-kw. 
power house; a small diversion dam on 
Three Link Creek, and 24 miles of 
transmission line, which will connect 
with the company’s existing system. 


New Publications 


Manual for Engineers. By Prof. Charles 
E. Ferris, of the University of Ten- 
nessee. Published by the Uni- 
versity Press, Knoxville, Tenn. 
Leather, 3 x 53 in.; 166 pages text, 
64 pages advertisements. Price, 75c. 

A pocket handbook containing tables 
often used by engineers and interest 
tables for business men. The tables 
cover areas and circumferences of cir- 
cles; roots; decimal equivalent; trig- 
onometric functions; logarithms; prop- 
erties of steam, etc. 


Pulling Together. By John T. Bro- 
derick. Published by Robson & 
Adee, Schenectady, N. Y. Cloth; 
5 x 7 in.; 141 pages. Price, $1. 

The book is written in the form of a 
dialogue on the general subject of in- 
dustrial relations, and particularly on 
the topic of employee representation. 

Its value lies in the beautiful clearness 

and conservatism with which it pre- 

sents the most advanced thoughts upon 
the subject. Probably the book would 
not be of great value to a close student 
of industrial relations, except perhaps 
in clarifying his thought and providing 
him with some clever arguments, but 
it should be a boon to anyone whose 
understanding of the subject is not that 
of an expert. Those who favor the 
destruction of the labor union will 
hardly be pleased with the book, because 
of its tolerant attitude; but the average 
man who is looking for light on the dif- 
ficult problems of industrial relations 

will find it here in delightful form. A 

brief introduction by Dr. Charles P. 

Steinmetz, the “electrical wizard,” 

provides a deserved touch of prestige. 
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Operating Engineers’ Catechism of 
Steam Engineering. By Michael H. 
Gornston. Published by D. Van 
Nostrand Co., New York City. 
Flexible Cloth; 44 x 74 in.; 428 
pages; 26 illustrations. Price, $4. 


The form adopted for this book has 
resulted from the author’s desire to 
facilitate its use by those who have 
not acquired studious habits. The work 
is divided into 1,300 questions and 
answers on subjects that arise in every- 
day steam-plant practice and, for 
greater aid in turning to the desired 
information, the subjects are thoroughly. 
indexed. -Answers to the questions are 
generally short and direct, and while 
they may not impart as complete in- 
formation as can be obtained from 
special works, they afford valuable hints 
to the reader for his guidance in more 
thorough studies of the subjects. 


The Mechanical World Electrical Pocket 
Book. Published by Emmot & Co., 
Ltd. London, England, 1922. 
Cloth; 4 x 6 in.; 326 pages; 108 
illustrations. Price, 2s. 

This book consists of a compilation of 
practical electrical information on a 
wide variety of equipment, such as di- 
rect-current motors and generators, al- 
ternating-current motors and genera- 
tors, transformers, rotary converters, 
locating faults on electrical machinery, 
electrical measuring. instruments, stor- 
age batteries, electric lamps, telephones, 
electric welding, ete. The book, being 
written in England, naturally repre- 
sents European practice. The material 
has been compiled, to be of interest to 
those concerned with the operation of 
power-plant apparatus. The subjects 
discussed are so numerous that the 
treatment must needs be superficial in 
the small space alloted to each topic. 
However, the practical man will find 
many useful hints in this little book. 


Principles of Mechanical Refrigeration. 
By H. J. Macintire, Assistant Pro- 
fessor of Refrigeration, University 
of Illinois. Published by McGraw- 
Hill Book Co., Inc., New York City. 
Size 54 x 8; 255 pages; 114 illustra- 
tions; cloth bound. Price, $2.50. 


This volume has been written with 
the idea of giving the practical engineer 
the underlying principles of refrigera- 
tion. The material is presented in a 
simple manner, and is almost devoid of 
mathematics. It is unfortunate that too 
many authors are imbued with the 
belief that the operating engineer has 
a hearty dislike for mathematics, no 
matter how simple and elementary the 
computations may be. The _ result 
usually is the elimination of much ma- 
terial that is essential to the reader. 
This fault exists in the volume under 
question and pursuing this plan, much 
of vital importance to the engineer has: 
been omitted. As a means of acquain- 
ting an engineer with why and how re-' 
frigeration is accomplished, the volume: 
should be of assistance to many. The’ 
subjects dealt with are the compressor, 
condenser and piping, other refrigera- 
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ting systems, erection, refrigerants, 
heat transfer, piping calculations, ice 
making and application of refrigeration. 


Obituary 


George R. Prout, president of James 
Leffel & Co., Springfield, Ohio, manu- 
facturer of waterwheels and turbines, 
died recently at his home in Springfield 
at the age of fifty-three years. He 
became president of the Leffel company 
in 1919, and before that was connected 
with the Superior Drill Co. and the 
American Seeding Machine Company. 


Personals 


J. G. Worker has become president 
and directing head of the Phoenix Man- 
ufacturing Co., Eau Claire, Wis., suc- 
ceeding C. L. Tolles. 


W. F. Bellinger is now superintendent 
of operations for the Georgia Railway 
and Power Co., of Atlanta, with which 
he has been connected for the last 
sixteen years. 


Thomas H. Yawger and R. D. De 
Wolfe, respectively general superintend- 
ent and hydraulic engineer of the 
Rochester Gas and Electric Corporation, 
have been on a Western trip investigat- 
ing pulverized coal systems with a view 
to arranging for powdered coal burning 
at one of the company’s stations. 


Paul L. Battey, for many years chief 
engineer in charge of all industrial 
operations in the Arnold Co., of 
Chicago, and more recently its vice 
president, is now to practice as a 
consulting engineer, with offices at 123 
West Madison St., Chicago. He will 
handle design and construction of indus- 
trial plants and power plants. 


Langdon Gibson, for 23 years mana- 
ger of the production department of the 
Schenectady Works of the General Elec- 
tric Co., has resigned because of ill 
health, and will retire from active busi- 
ness life. He is succeeded by H. L. R. 
Emmet, formerly assistant manager of 
the department. Mr. Gibson had been 
connected with the company for 27 
years and was largely responsible for 
the growth and development of his de- 
partment from a small beginning. He 
has always been interested in Indian 
life and was a member of the first Peary 
expedition to the far North in 1891 and 
1892. 


Philip Seabury Smith recently became 
associate editor of Ingenieria Interna- 
cional, the Spanish engineering paper 
published by the McGraw-Hill Company, 
Inc. He spent about nine years with 
the General Electric Co. up to 1916, 
when he joined the United States 
Department of Commerce and traveled 
extensively in the West Indies and 
South America, investigating and re- 
porting upon boiler plants, hydraulic 
stations and industrial plants in general. 
His most recent position with the Gov- 
ernment was as chief of the Latin- 
American Division of the Bureau of 
Foreign and Domestic Commerce. 
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Society Affairs 


Business Items 


Coming Conventions 


American Society of Mechanical En- 
gineers, 29 West 39th St., New 
York City. Spring meeting at At- 
lanta, Ga., May 8-11. 

American Water Works Association, 
153 West 7ist St., New York City. 
Annual convention at Philadelphia, 
May 15-19. 

National Electric Light Association, 
29 West 39th St., New York City. 
Annual convention at Atlantic 
City, N. J., May 15-20. 

American Order of Steam Engineers; 
Andrew Lauterbach, 4726 North 
Warnock St., Philadelphia, Pa. 
Annual convention and exhibition 
at Philadelphia, June 5-9. 

National District Heating Associa- 
tion; D. L. Gaskill, Greenville, 
Ohio. Annual convention at Cedar 
Point, Ohio, June 20-23. 

American Society for Testing Mate- 
rials, 1315 Spruce St., Philadel- 
phia, Pa. Annual meeting at At- 
lantic City, N. J., June 26-July 1. 

Canadian Association of Stationary 
Engineers; G. C. Keith, 51 Well- 
ington St. West, Toronto, Ont. An- 
nual convention and exhibition at 
Kitchener, Ontario, June 27-29. 

National Association of Stationary 
Engineers; Fred W. Raven, 417 
South Dearborn St., Chicago, Il. 
Annual conventions and _  exhibi- 
tions of the State Associations 
scheduled as follows: 
he Jersey, at Elizabeth, June 2- 

E. J. Flynn, ‘Newpoint 

Elizabeth, N. 

Illinois, at Chicago, | 7-10; I. 

S. Pieters, 1130 Clay St., Chicago. 

New York, at New York City, June 

8-10; T. J. Condon, 102 Seventh 

Ave., New York City. 

Indiana, at Anderson, June 9-10; 

Frederick L. Ray, Anderson, Ind. 

New England, at Springfield, Maass., 

July 12-14; James Morgan, 53 

Devonshire St., Boston. 

Michigan, at Kalamazoo, July 19- 
21; A. M. Adams, 1307 Stock- 

bridge Ave., Kalamazoo, Mich. 


The Providence Engineering Society’s 
Power Section will meet May 2 for a 
lecture on “Boiler Combustion,” by D. 
H. Couch, combustion engineer, Narra- 
gansett Electric Lighting Co. 


Kansas City Section, A. S. M. E., will 
take a trip on April 28 through the 
Northeast Station of the Kansas City 
Power and Light Co., followed by an 
illustrated lecture in the evening. 


Waterbury Section, A. S. M. E., will 
meet April 28 at the Hotel Elton for a 
lecture by Dr. Robert Andrews Milli- 
ken, of California Institute of Tech- 
nology, on “Gulliver’s Travels in 
Science.” There will also be a demon- 
stration of wireless telephony. 


Mid Continent Section, A. S. M. E., 
will hold a joint meeting with other 
national engineering sections and chap- 
ters May 4-5 at Tulsa, Oklahoma, at 
which G. B. Helmrich will speak on 
“District Exhaust Steam Heating.” 
Other papers will deal with the oil 
business. 


Central Pennsylvania Section, A. S. 
M. E., will hold its spring meeting May 
5 at State College, Pa. Dean Cooley 
will speak, and at 7:30 lectures on 
“The Construction of the Modern Loco- 
motive,” by Lawford H. Fry (with 
moving pictures) and on “Heat Trans- 
mission in Locomotive Boilers,” by 
Prof. E. A. Fessenden, of State College, 
will be given. 


The Whiting Corporation, maker of 
electric traveling cranes, has moved its 
Chicago sales office from the Marquette 
Building to the Monadnock Building. 


The McClave-Brooks Co., manufac- 
turer of McClave Combustion Sys- 
tems, has appointed the Steam Plant 
Equipment Co., Mutual Building, Kan- 
sas City, Mo., as its representative in 
that territory. 

The Combustion Engineering Corpo- 
ration has appointed the Power Plant 
Equipment Co., Coco-Cola Building, 
Kansas City, Mo., as its representative 
for the district covering eastern Kansas, 
eastern Nebraska, western Arkansas, 
and western Missouri. 


The Southwestern Engineering Co., 
Los Angeles, Cal., has appointed an 
Eastern manager, D. W. Salsbury, with 
offices in the Hegeman Bldg., 200 
Broadway, New York City. Mr. Sals- 
bury will handle the Eastern sales for 


the MacCamy Condenser and Inter- 
cooler. 


Fuel Prices 


BITUMINOUS COAL 


The following table shows the trend 
of the spot steam market in various 
coals (mine-run bases, f.o.b. mines): 


Market int 10, April 17, 

Coal Quoting 922 1922 
Pool 1, New York 92°80 -00@3.75 
Pocahontas, Columbus 2.15 1.85@2.00 
Clearfield, Boston 2.05 1 90@2.40 
Somerset, Boston 2.10 2.00@2.50 
Kanawha, 1.55 1.45@1.70 
Hocking, Colum 1.75 1.65@1.90 
Pittsburah No. 8 1.80 2.25@2.45 
Franklin, IIl., Chicago 2.75 2.50@3.00 
nd. 4th Vein, icago 4 a 2.75 
Standard, St. Louis 
West Ky., Louisville 1.90 1.75@2.25 
Big Seam, Birmingham 1.70 1.50@1.90 

E. Ky., Louisville 1.70 1.75 
New York—Apr. 20, Port Arthur 


light oil 22@25 deg. Baumé 3%c. per 
gal.; 30@35 deg., 49c. per gal., f.o.b. 
Bayonne, N. J. 

Chicago—Apr. 5, for 24@28 deg. 
Baumé, 85@90c. per. bbl.; 21@36 deg., 
28@24c. per gal. in tank cars f.o.b. 
Oklahoma refinery, or freight adjusted. 

Pittsburgh—Apr. 10, f.o.b. refinery, 
Pennsylvania, 36@40 deg. 4%@b5c. 
Kentucky fuel oil, 26@30 deg., 34c. 
per gal. Western, 24@30 deg., 85c. per 
bbl.; 32@34 deg., 3 c. 36@38 deg., 34c. 
38@40 deg., 34c. per gal. 

St. Louis—Mar. 25, prices f.o.b. cars, 
tank lots; 24@26 deg. Baumé, 90c. per 
bbl.; 26@28 deg., 95c.; 28@30 deg., 
$1.10; 32@34 deg. 2%c. per gal. 

Philadelphia—Apr. 18, 26@28 deg. 
Baumé, Oklahoma, 85@90c. per bbl.; 
30@34 deg., Oklahoma (group 3), 23 
@8c. per gal.; 16@20 deg. Seaboard, 
$1.05@$1.15 per bbl. 

Cincinnati—Apr. 11, for 26@30 deg. 
Baumé, 4ic.; Diesel 32@36 deg., 44c. 
per gal.; distillate 38@48 deg., 
per gal. 

Cleveland—Apr. 26@380_ deg. 


Baumé, 3ic. per gal. 
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New Plant Construction 


PROPOSED WORK 


Ala., Birmingham—G. R. Mueller Co., 
Brown Marx Bidg., is in the market for a 
26.in. x 48 in. heavy duty left hand Corliss 
steam engine, (used). 


Cal., Bakersfield—The Bd. Supervisors of 
Kern County will receive bids until May 
8 for furnishing labor and materials to 
erect water tank, pipe system and motor 
for county courthouse. C. H. Biggar, First 
Natl. Bank Bldg., Archt. 

Cal., San Francisco—A. F. Rousseau, 110 
Sutter St., is having plans prepared for 
ten 4 and 6 story, stores, offices and the- 
ater buildings on Market, 8th and Mission 
Sts. D. C. Coleman, 110 Sutter St., Archt. 


Conn., New’ Britain—The State Bd. 
Educ., A. B. Meredith, Secy., State House, 
Hartford, will receive bids until May 3 
for a 1 and 2 story school including a 
boiler house on Camp St. About $900,000. 
Guilbert & Betelle, 546 Broad St., New- 
ark, N. J. Archts. contract for steam heat- 
ing system will be awarded separately. 
Noted Aug. 10. 


Fla., West Palm Beach—The South 
Florida Hotel Co., c/o G. Lloyd Preacher 
& Co., Healy Bldg., Atlanta, Ga., is having 
plans prepared for 5 story hotel, including 
a steam heating plant. About $300,000. 

Ga., Thomasville—The city, E. M. Smith, 
Clk., will soon award contract for the con- 
struction of a power plant. C. F. Galleher, 
First Nat. Bank Bldg., Montgomery, Ala., 
Archt. 


Ia., Boone—The City plans election to 
vote $250,000 bonds for hydro-electric de- 
velopment across the Des Moines River. 
Burns & McDonnell, Interstate Bldg., Kan- 
sas City, Mo., Engrs. 


Idaho, Idaho Falls—The city plans elec- 
tion in May to vote $250,000 bonds for 
waterworks improvements including new 
pumping station, filtration plant, etc. Burns 
& McDonnell, Interstate Bldg. Kansas 
City, Mo., Engrs. 


Ill, Chicago—A. S. Ahlschuler, Archt., 
28 East Jackson Blvd., will soon receive 
bids for a 6 story, 170 x 177 ft. printing 
plant including a steam heating system on 
Prairie Ave. and 20th St. for the Atwell 
Printing & Binding Co., Sherman and Polk 
Sts. About $700,000. Noted Jan. 31. 


Il., Chicago—J. Armstrong, Archt., 127 
North Dearborn St., is preparing plans for 
an 11 story, 80 x 101 ft. office building on 
Washington and Franklin Sts., for I. Jor- 
dan, c/o Archt. About $750,000 


lL, Chicago—Holabird & Roche, Archts., 
104 South Michigan Ave., is receiving bids 
for a 20 story, 80 x 180 ft. church and 
office building including a steam heating 
system on Washington and Clark Sts. for 
the First M. E. Congregation, 77 West 
Washington St. About $3,000,000. 


Ill, Chicago—J. B. Inderrieden & Co., 
336 River St., plans to build a 6 story, 
152 x 200 ft. warehouse including a steam 
heating system on Erie and Roberts Sts. 
About $400,000. Architect not selected. 


Ill., Chieago—C, A. Johnson, 3121 Mi’ 
waukee Ave., plans to build a 3. story 
theater, store and office building including 
a steam heating system on Milwaukee and 
Belmont Sts. About $400,000. Levy & 
Klein, 111 West Washington St., Archts. 


Ill., Chicago—J. A. Nyden, Archt., 190 
North State St., will soon receive bids for 
a 7 story, 92 x 127 ft. apar*ment including 
a steam heating system on ‘ve Grove and 
Oakdale Ave. for F. A. sa.s.uerson. About 
$500,000. 


Ill., Chicago—The Tennessee Illinois 
Prosphate Co., 716 Fisher Bldg., A. Thomp- 
son, Purch. Agt., is in the market for a 
small boiler feed pump 5 in. 


Ill, Rockford—(Change of date)—The 
Bd. Educ., E. Lewis, Supt., 315°'7th St., 
will receive bids until May 4 for a 3 story 
high school on Hackell Ave. About $650,- 
000. Peterson & Johnson, Swedish Amer. 
Bank Bldg., Archts. Noted March 14. 


Ind., East Chicago—The Green Engr. Co., 
Kennedy St., is in the market for a belt 
driven air compressor of 300 to 450 cu.ft. 
capacity to operate on 80 to 100 lb. pres- 
sure, (used). 


Kan., Leavenworth—The Chamber of 
Commerce is having plans prepared for a 
4 story. 48 x 175 ft. hotel. About $320,- 
000. Shephard & Wisner, 301 R. A. Long 
Bldg., Kansas City, Mo., Archts, 


La., Melville—The city plans to vote 
bonds to build new water works system 
and remodel electric light system. Swan- 
son-McGraw, Inc., 705 United Fruit Bldg., 
New Orleans, Consulting Engrs. 


Mass., Chelsea—R. T. Green Co., 210 
Marginal St., is in the market for an air 
compressor of about 500 cu.ft. capacity. 


Mich., Detroit—C. H. Crane, Archt., 542 
Griswold St., will receive bids about May 
1 for a 12 story, 20 x 100 ft. office building 
including a steam heating system on Wood- 
ward Ave. for the Woodward Larnes 
Realty Co. About $400,000. 


Mich., Kalamazoo—The city is having 
surveys made for a gas plant. About $2,- 
000,000. Burns & McDonnell, Interstate 
Bldg., Kansas City, Mo., Engrs. 


Mich., Springwells—The council, B. P. 
Esper, Clk., will receive bids until May 9 
for sewage treatment works and pumping 
station. C. W. Hubbell, 2348 Penobscot 
Bldg., Detroit, Consulting Engr. 


Mich., Wyandotte—The Wyandotte Hotel 
Co. plans to build a 4 story hotel including 
a steam heating plant. About $200,000. 
Kohner & Seeler, 1402 Kresge Bldg., De- 
troit, Archts, 


Mo., Kansas City—P. Feler, 214 East 
12th St., is in the market for a motor gen- 
erator. 


Mo., Marshall—The Bd. Public Wks., 
plans an addition to power plant. About 
$30,000. C. D. Alexander, City Hall, Engr. 


Neb., Beatrice—H. W. Hepperleu, repre- 
senting a stock company, plans to build a 
7 story hotel. About $305,000. T. R. Kim- 
836 World-Herald Bldg., Omaha, 

recht. 


Neb., Panama—tThe city, c/o M. Neiveen, 
Clk., is having plans prepared for an elec- 
tric power plant. About $10,000. Hollister 
Engr. Co., Bankers Life Bidg., Lincoln, 
Engr. 

N. Y., Batavia—(Change of date)—The 
Bd. Educ. will receive bids until May 20 
for a 3 story, 144 x 200 ft. schooi on Ross 
St. About $450,000. E. E. Joralemon, 483 
Delaware Ave., Buffalo, Archt. Noted 
March 21. 


N. Y., Buffalo—The Buffalo City Hospi- 
tal, 462 Grider St., G. S. Staniland, Secy., 
will receive bids until May 8 for refrigera- 
tion and ice making machinery. 


N. Y., Buffalo—The DuPont Fibre Silk 
Co. plans to build an addition to its silk 
plant on River Rd. About $2,000,000. 


N. Y., Buffalo—The Erie Beach Amuse- 
ment Co., Ltd., 408 Morgan Bldg., is in the 
market for two 74, two 5, one 3 and one 
4 hp., 220 volt, 25 cycle, 3 phase motors 
with starting equipment, (used). 


N. Y., Friendship—F. J. Moser is in the 
market for a compressor, small 2 stage 
ro ed 25 to 50 ft. per min. pressure 

Ss. 


N. Y., Lackawanna—W. J. Lohr Co., Le- 
high Ave. and Ridge Rd., is in the market 
for machinery and equipment for 50 ton 
daily capacity ice plant. 


N. Y., Lockport—A. W. Jack Corp. plans 
to build an asbestos mill board and paper 
factory on Mill and Transit Rds. About 
$500,000. Private plans. 


N. Y¥., New York—The Bd. Educ., 500 
Park Ave., plans to build an addition to 
P. S. No. 47 at 223 East 23rd St. About 
$750,000. C. B. J. Snyder, 28th Floor 
‘Municipal Bldg., Archt. and Engr. 


N. Y., Rochester—W. A. Moore, 103 Lo- 
cust St., is in the market for a medium 
boiler for use in dairy. 


N. Y., Rochester—L. A. Randall, 354 
Megis St., is in the market for a small 
steam engine with or without boiler. 


N. Y., Rochester—Sampson, Wohlrab 
Packing Co., Buffalo Rd., is receiving bids 
for a 3 story, 44 x 108 ft. packing plant 
and refrigerating room on Kerr St. About 
$18,000. Noted April 11. 


N. Y., Saratoga Springs— City plans 
election May 2 to vote $400,000 bonds for 
a high school on Lake Ave. 

N. H., Keene—The Elliott Community 
Hospital is receiving bids for a 3 story, 45 
x 80 ft. hospital and a 1 story boiler house. 
About $225,000. Kendall, Taylor & Co., 93 
Federal St., Boston, Mass., Archts. 


N. C., Badin—The Carolina Power & 


Light Co. plans to build a 50 mile double etc. 


circuit steel tower transmission line, de- 
signed to carry 75,000 hp. from here via 
Swift Island and Alman’s Ferry to San- 
ford. About $3,000,000. P. A. Tillery, 
Capitol Apts., Raleigh, Genl. Mgr. 


N. C., Greensboro—C. C. Hartmann, 
Archt., will receive bids until May 1 for a 
17 story office building on Elm and Mar- 
ket Sts. for the Jefferson Standard Life 
Ins. Co. Estimated cost to exceed $1,000,- 
000. Noted May 31. 


0., Columbus—The Bd. Educ., Town and 
High Sts., will receive bids until April 28 
for a 3 story, 200 x 275 ft. school. About 
$1,200,000. Noted Jan. 17. 


0., Dayton—The Bd. Educ., P. C. Stetson, 
Supt., plans to build a 2 story, 60 x 300 
ft. high school on West 8rd St. About $1,- 
500,000. Schenk & Williams, Mutual Home 
Bidg., Archts, 


0., Dayton—The Dayton Power & Light 
Co., Jefferson St., plans to install 27,000 
hp. steam turbine, new boilers and erect 
330 ft. stack at Millers Ford plant, will also 
enlarge West Side sub station by doubling 
present facilities, to cost about $150,000. 
Total cost $2,000,000. OO. H. Hutchings, 
Genl. Mer. 


O., Girard—The Director of Public Serv- 
ice will receive bids until April 27 for elec- 
tric driven pump, complete with motor, au- 
tomatic control apparatus, switchboard, 
= box, etc. W. Wilson, Youngstown, 

ner. 


0., Oxford—The Bd. Trustees of Public 
Affairs, J. T. Overholtz, Clk., will receive 
bids until May 4 for improvements to 
waterworks and municipal light plant in- 
cluding 375 hp. uniflow steam engine di- 
rect connected to 312 k.v.a. 2300 volt, 60 
cycle, 3 phase, alternating current genera- 
tor; steam piping in light station; two 500 
g.p.m. single stage, low service centrifugal 
pumps and motors; two 600 g.p.m. multiple 
stage, centrifugal force pumps and motors: 
vacuum pump; venturi meter tube and 
register indicator recorder; water piping at 
pumping station; concrete floor and walls 
in pump room; 300,000 gal. storage reser- 
voir and 200,000 gal. steel tank on 100 ft. 
steel tower. G. Champe, 610 Nasby Bldg., 
Toledo, Engr. 


_ Okla., Vinita—The city will receive bids 
in May for complete pumping station on 
the Grand River, 12 miles pipe line, filtra- 
tion plant and settling basins. About $350,- 
000. Burns & McDonnell, Interstate Bldg., 
Kansas City, Mo., Engrs. Noted Jan. 31. 


Pa., Bethlehem—G. I. Lovatt, Archt., 416 
Walnut St., Phila., soon awards contract 
for a 3 story, 63 x 114 ft. parochial school 
including a steam heating plant for the St. 
Ursulas R. C. Church, c/o J. P. Green, 
Bethlehem. About $300,000. 


Pa., Philam—Heyman Bros., c/o L. RB. 
Rothchild, Archt., 1217 Sansom St., will 
soon receive bids for a 15 story, 42 x 150 
ft. office building on 16th and Walnut Sts. 
About $2,000,000. 


Pa., Phila.—The A. T. Jaynes Memorial, 
c/o Heacock & Hoakenson, Archts., Bailey 
Bldg., plans to build a hospital and power 
house in the Olney Dist. About $1,000,000. 


Pa., Pittsburgh—H. R. Eicher, 918 House 
Bldg., is in the market for one 200 hp. 
R. T. But strapped triple riveted boiler. 


Tenn., Jacksonville — The Nashville 
Paper & Pulp Co., have leased _ several 
buildings at the Old Hickory Powder plant 
and will erect several units for manufac- 
ture of paper and pulp. About $1,000,000. 
% G. Cullem, Jacksonville, Genl. Mgr. and 
ungr. 


Tenn., Knoxville—The Duncan Machinery 
Co., Dempster Bldg., 721 North Central 
St., is in the market for well machines, 
without power, (new or used); three 150 
hp., one 100 hp. standard return tubular 
boilers built for 150 Ib. pressure; No. 5 
Gates gyratory crusher manganese lining, 
(used); 150 hp. and smaller motors; saw 
mills, portable engines and generators. 


Tex., Houston—The Worsham’ Bros. 
Motor Co., C. Worsham, Purch. Agt., 
is in the market for an air compressor, 10 
hp. power motor, air tank. 


Va., Remington—The Wheatlep Falls 
Power Co., A. L. Hord, Pres., plans to ex- 
pend from $50,000 to $75,000 on the distri- 
bution of electric current throughout Cul- 
peper County including transmission lines. 
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Va., Roanoke—The city P. Hunter, 
City Mer., voted $1,000, 000 bet for con- 
struction of schools, including a high school, 
to cost’ $500,000. J. C. Richards, Phila., 
Pa., Archt. 

Wash., Tacoma—I. S. Davisson, Comr. 
of Light and Water, has introduced reso- 
lution in City Council to establish two aux- 
iliary steam turbine electric generating 
plants, one addition to Dock St. plant in- 
cluding the installation of generating equip- 
ment 6,000 kw., 3 phase, 60 cycle, one 8,000 
hp. steam turbine and 800 hp. boiler. About 
$244,177; also addition to power plant on 
Tide Flats 3,000 kw. 60 cycle, 3 phase, one 
4,000 hp. steam turbine. About $65,000. 


W. Va., Bluefield—A. B. Mahood, Archt., 
L. & C. Bldg., wil receive bids until April 
29 for a 12 story, 50 x 175 ft. hotel on 
Scott and Federal ‘Sts. for the Cole Realty 
Co., about $750,000. Noted May 18. 


Wis., Appleton—The Northern Boiler 
Structural Iron Co., Mills St., is having 
plans prepared for a 1 story, 80 x 100 ft. 
boiler plant. About $70,000. E. Kottke, 
care of owner, Engr. 

Wis., Manitowoc—The City, A. Zander, 
Clk., plans to install new boiler and steam 
heating plant in Garfield School. F. Alter, 
City Hall, Engr. 

Wis., Oshkosh—The Mercy Hospital, 185 
Hazel St., is having revised plans prepared 


- for a 3 story, 42 x 100 ft. convent and a 2 


story, 40 x 70 ft. boiler house and laundry. 
About $175,000. E. Brielmaier & Sons, 432 
Bway., Milwaukee, Archts. 


Wis., Racine—Fugard & Knapp., Archts., 
212 East Superior St., will soon receive 
bids for a 12 story, 104 x 120 ft. hotel in- 
cluding a steam heating system, for the 
Racine Hotel Corp., c/o Kirow & Fowler, 
534 Main St. About $750,000. 


Ont., Essex—The council is having plans 
prepared for the construction of a reser- 
voir 500,000 gal. capacity, electrically oper- 
ated domestic pump, 150 gal. per min., re- 
serve pump 75 gal. per min., to be operated 
by high speed gasoline engine also new 
pumphouse. About $40,000. James, Proc- 
tor & Redfern, 36 Toronto St., Toronto, 
Engrs. 


Ont., Hamilton—The Canada Biscuit Co., 
Ltd., F. Ullman, 185 West Ave., N., is hav- 
ing plans prepared for a 2 story, 80 x 400 
ft. bakery including a steam heating sys- 
tem. About $200,000. B. H. Prack, 1 
Main St., E., Archt. 


Ont., London—The London Arena Co., M. 
B. Percival, Merchants Bank Bldg., Mer., 
plans to build an artificial ice rink. Prices 
wanted on artificial ice plant and equip- 
ment. 


Ont., Petrolea—The Water Comm., J. 
McHattie, Secry., will receive bids until 
May 1 for a reservoir 750 gal. capacity, 
foundation for reservoir and motor driven 
centrifugal pump 80 gal. per min. About 
$42,000. James, Proctor and Redfern, 36 
Toronto St., Toronto, Engrs. 


Ont., Port Credit—The town plans to 
build a pumphouse, water tank, four miles 
water mains, ete., and install electric cen- 
trifugal pumps. About $120,000. Gore, 
Nasmith & Storrie, Confederation Life 
Bldg., Toronto, Engrs. 


Ont., Port Stanley—The London & Port 
Stanley Ry., Philips St., London, is in the 
market for electrically operated coal han- 
dling equipment for depot at Port Stanley. 
About $35,000. J. E. Richards c/o owner, 
Engr. 

Ont., St. Thomas—The St. Thomas 
Packing Co., W. H. Moody, Megr., plans to 
build a cold storage plant. ‘About $50,- 
000. Want prices on materials and equip- 
ment. 

Ont., Toronto—The Ontario Hydro Comn., 
190 University Ave., is having surveys 
made for hydro electric lighting and power 
distribution system to Kirkton, Winchelsea 
and Elimville. About $45,000. A. Purcell, 
190 University Ave., Engr. 

Que., Montreal—The Sun Life Ins. Co., 
Dominion Sq., will receive bids until about 
May 1 for an office building on Mansfield 
St. About $500,000. Darling & Pearson, 2 
Leader Lane, Toronto, Archt. 


CONTRACTS AWARDED 


Cal., Berkeley—The University Hotel 
Corp., c/o E. lL. Harper, 2014 Shattuck 
Ave., has awarded the contract for a hotel 
on Hearst Ave. ard Euclid St. to Lind- 
gren & Co., Monadnock Bldg., San Fran- 
cisco. About $1,000,000. 


Cal., Los Angeles—The Central Invest- 
ment Co., 633 Pacific Finance Bldg., has 
awarded the contract for a 14 story, 198 
x 320 ft. hotel on 5th and Olive Sts. to the 
Scofield Engr. Constr. Co., Pacific Finance 
Bldg., $5,086,000. Noted March 28. 


POWER 


Cal, San Francisco—W. N. Moore & Co., 
Inc., 7 Front St., has awarded the contract 
for an 8 story stores and loft building on 
Fremont and Mission Sts. to the Founda- 
tion Co., Holbrook Bldg. About $500,000. 
Noted Jan. 3. 


Conn., Hartford—The Underwood Type- 
writer Co., 581 Capitol Ave., has awarded 
the contract for water tower and pump- 
house to the Chicago Bridge & Iron Wks., 
3149 Hudson Terminal, New York City. 
About $30,000. 


Fla., Eustis—The Foundation Inn Hotel 
Co. has awarded the contract for a 4 story 
hotel to I. M. Emerson & Co., Brooksville. 
About $250,000, 


Ia., Des Moines—The Bd. Educ., G. L. 
Garton, Secy., has awarded the contract 
for a 3 story high school on Polk Blvd. 
between Center and Chamberlain Aves. to 
W. F. Kucharo, Hubbell Bldg., $774,970; 
heating and plumbing awarded to Van 
Dyke Htg. & Plumbing Co., 1111 Walnut 
St., $191,421; electrical equipment to 
Whalen: Electric Co., 218 8rd St., $27,268. 
Noted Feb. 28. 


Ill., Chicago—The Chicago, Burlington & 
Quincy R. R., 547 West Jackson Blvd., has 
awarded the contract for a 16 story office 
building at 547 West Jackson Blvd. to J. 
Griffiths & Son Co., 112 West Adams St. 
About $1,000,000. 


Ill., Chicago—J. S. Miller, 38 South Dear- 
born St., has awarded the contract for a 
21 story, 92 x 123 ft. store and office build- 
ing on Plaza St., to Thompson Starrett, 
175 West Jackson Blvd. About $2,000,000. 
Steam heating system will be installed. 
Noted July 19. 


Ill., Waukegan—The Victory Memorial 
Hospital Bd., Circuit Judge Edwards, Chn., 
has awarded the contract for a 2 story 
hospital on a = to Bondgard & 
Christensen, 2222 nzie Ave., Racine, 
Wis. About $300, 000° Aug. 2. 


Ind., Indianapolis — Board Sanitary 
Comrs. has awarded the contract for power 
and miscellaneous equipment as follows: 
Three 400 hp. water tube boilers including 
superheaters and mechanically operated 
soot blowers to Babcock-Wilcox Co., South 
Dearborn St., Chicago, Ill., 3 chain grate 
stokers to Green Engineering Co., $45,999 ; 
three DeLaval steam turbo blowers, 16, 000- 
24,000 cu.ft. per min. capacity each to 
Dravo Doyle Co., 808 Merchants Bank Bldg., 
$53,348 ; two steam turbo electric generator 
units including separate exciters, 5 
Wheeler Engineering Co. 1,000 sq.ft. each 
surface condensers with auxiliaries, 1-9 
panel electric switchboard to the General 
Electric Co., Traction Terminal, $66,501; 
mechanical equipment for sludge removal 
to Link Belt Co., West Michigan and 
Holmes Sts., $4,818; four drilled wells to 
J. W. Hensley, 315 North Capitol Ave., 
$2,992. Noted March 28. 


Ind., Indianapolis—The Medical Arts 
Realty Co., 822 Hume Mausur Bldg., has 
awarded the contract for a 17 story, 100 x 
112 x 130 ft. office building on Massa- 
chusetts Ave., Pennsylvania and Ohio Sts. 
to the Bedford Stone Constr. Co., Fletcher 
Savings & Trust Bldg. Cost plus percent- 
age basic. Noted Feb. 14. 


La., New Orleans—The Sewerage and 
Water Bd., Room 401, 526 Carondelet St., 
has awarded the contract for two water 
tube boilers of 1500 to 1800 hp. capacity to 
Lasker Iron Wks., 3201 South Lincoln St., 
Chicago, Ill., $28,915; electrical equipment 
to the Westinghouse Electric & Manufac- 
turing Co., Union Bldg., Pittsburg, Pa., 
$20,575; two 36 in. centrifugal pumps from 
30,000,000 to 40,000,000 gal. capacity per 
24 hrs. and two motors to Delier Pump & 
Mchy. Co., 165 Bway., New York City, 
$9,000. Noted Jan. 31. 


Mass., Boston—The N. E. Deaconess 
Hospital Assn., has awarded the contract 
for a 3 story, 88 x 142 ft. hospital building 
on Deaconess Rd., to W. . Whitcomb 
Constr. Co., 6 Beacon St. About $250,000. 

Mass., Boston—The Park Sq. Realty Co., 
Real Estate Trust, has awarded the con- 
tract for an 11 story, 75 x 604 ft. office 
building on Arlington St. to W. A. and 
Hf. A. Root, 6 Beacon St. About $6,000,000. 
Noted March 21. 


Mich., Detroit—J. H. Thompson Realty 
Co., c/o Esselstyn & Murphy, Enegrs., 3456 
Cass Ave., has awarded the contract for a 
1 and 2 story, 400 x 700 ft. auditorium and 
arcade on Woodward Ave. to J. Finn & 
Son, 708 Amsterdam Ave. About $750,000. 
A steam heating system will be installed. 


Mich., Grand Rapids—The Furniture City 
Realty Co., 515 Lyons Ave., has awarded 
the contract for an 8 story, 69 x 151 ft. 
hotel on Monroe and Michigan Sts. to 
Owen Ames Kimbal Co., 42 Pearl St. About 
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$1,000,000. A steam heat system will 
be Noted Feb. 


Minneapolis—The Ambassador 
Holding’ Co., 630 McKnight Bldg., has 
awarded the contract for a 3 story 112 x 
192 ft. apartment on 19th St. and 2nd Ave., 
S. to the Nels Bruce, 512 McKnight Bldg. 
A steam heating system will be installed. 
Noted March 21. 


N. J., Camden—J. B. Van Scriver Co. 
has awarded the contract for a 7 story, 
61 x 57 x 199 x 220 ft. factory on Fed- 
eral St. to Barclay H. White Coe 1713 
Sansome St., Phila. About $600,000. 


R. Ba ees Old Colony Engr. 
Co., c/o M. Courland, Engr., 47 West 34th 
St., New York City, will build a 12 stor 
apartment on Ocean Ave. About $1 at 0 
Owner will build by day labor. 


N. Y., Hoffman Island—Treasury Dept., 
J. A. Wetmore, Supervising Archt., Wash. 
D. C., has awarded the contract for me- 
chanical equipment in hospital buildings 
here to Noland Clifford Co., Newport News, 
Va., $89,664. 


N. Y., New York—I. Fleegelman, Hotel 
Hamilton, 143 West 73rd St., has awarded 
the contract for a 15 story hotel on Madi- 
son Ave. between 86th and 87th Sts, to 
A 19 West 44th St.: About $2,- 


N. Y., New York—The Marion Decatur 
Co., c/o G. F. Pelham, Archt., 200 West 
72nd St., will build an apartment on De- 
catur Ave. and Bedford Park Blvd. About 
$350,000. Owner will build by day labor. 


N. Y., New York—J. C. and M. G. Mayer, 
347 Madison Ave., will build a 6 story, 75 
x 100 ft. apartment at 13-17 West 92nd 
St. About $300,000. Owner will build by 
day labor. 


N. Y., New York—The 300 Riverside 
Drive Corp., c/o G. F. Pelham, Archt. and 
Engr., 200 West 72nd St., will build a 14 
story apartment at 300 Riverside Drive. 
oo $1,000,000. Owner will build by day 
abor. 


N. Y¥., New York—The Siegfield Constr. 
Co., c/o Springsteen & Goldhanner, Archts., 
32 Union Square, will build a 5 story apart- 
ment at 211 Ft. Washington Ave. About 
$300,000. Owner will build by day labor. 

N. Y¥., New York—The 915 West End 
Corp., J. Paterno, Pres., will build a Le 
story, 100 x 150 ft. apartment on Wes 
End Ave. and 105th St. About $900, 000. 


N. Y., Niagara Falls—The Bd. Educ. has 
awarded the contract for the construction 
of the South Junior High School to Laur 
& Mack, Niagara Falls, $433,972; heating 
and ventilating system to the Power Effi- 
ciency Corp., White Bldg., Buffalo, $72,500. 


O., Cincinnati—The Cincinnati Business 
Men’s Club, 9th and Race Sts., has awarded 
the contract for an 11 story, 88 x 200 ft. 
club house on 8th and Race Sts. to J. & F. 
Harig, Queen City Ave., $907,900. Heating, 
ventilating and refrigeration systems will 
be awarded later. 


0., Cleveland—The Bd. County Comrs. 
has awarded the contract for an 18 x 24 
ft. pumping station to Rice-Jones Co., 1836 
Euclid Ave., $4,980; 6,530 ft. of main to 
Langahan Constr. 'Co., Marshall Bldg., 
at 222.10; and 14,650 ft. of main to San 

fahl & Co., Guardian Bldg., $69,761. 
Noted March 21. 

Okla., Tulsa—The Oklahoma Power & 
Transmission Co., a_ subsidiary of the 
American Public Service has awarded the 
contract for doubling the capacity of its 
electric generating station on the Arkansas 
River near here, including the installation 
of a 10,000 kw. turbine with all auxiliaries, 
a fifth boiler of 890 hp. capacity, etc. 


Pa., Phila.—Goldberg Bros., c/o F. C. 
Hahn, Archt. 1112 Chestnut St., has 
awarded the contract for a 4 story, 175 x 
211 ft. department store at 1229 Market 
St. to Smith-Hardican Co., 1606 Cherry St. 
About $500,000. A vapor heating plant will 
be installed. 

Pa., Phila—C. Wumder, Archt., 1415 
Locust St., has awarded the contract for a 
4 story, 115 x 220 ft. apartment on 49th and 
Pine Sts. to the Rose. Contracting Co., 
North American Bldg. About $500,000. A 
steam heating plant will be installed. 
Owner’s name withheld. 

S. D., Watertown—The city has awarded 
the contract for two motor driven ge mo 
units, one 500 gal. per min. and the other 
about 750 gal. per min. with piping, etc., 
to J. G. Robertson Co., 2542 University 
Ave., St. Paul, $8,053. Noted March 21. 


Wis., Chippewa Falls—The Bd. Educ., 
has awarded the contract for a 2 story, 90 
x 200 ft. high school to Schafer & Olson, 
501 High St. Steam heating system to J. J. 
Phalen, 119 Bay St. Total cost about 
$116,417. In the market for boilers, etc. 
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